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LETTER OF TRANSMITTAL 


U.S. House or REPRESENTATIVES, 
CoMMITTEE ON MERCHANT MARINE AND FISHERIES, 
Washington, D.C., June 23, 1960. 
Hon. Sam RayBuRN, 
The Speaker, the House of Representatives, 
Washington, D.C. 

Dear Mr. SpeEAKER: The Committee on Merchant Marine and 
Fisheries, as a consequence of its jurisdiction over Panama Canal 
matters, has been increasingly concerned over the increasing traffic, 
amounting almost to a saturation of its existing facilities. In the 
past, le islation has been introduced in the House for the appoint- 
ment of a Board to develop plans for maintaining future unimpeded 
transits between the Atlantic and Pacific Oceans. 

The committee in the past, particularly in the study of the Andrea 
Doria-Stockholm disaster and the threatened abandonment of the 
Panama Railroad has been fortunate in securing the services of highly 
qualified experts to advise it, and this approach was selected as an 
alternative to the appointment of a commission by law. In this 
situation the committee was extremely fortunate in obtaining the 
services of six individuals who are outstanding in the field of engi- 
neering. The studies and investigations were commenced under 
House Resolution 149 of the 85th Congress and continued under the 
authority of House Resolution 105 of the 86th Congress. After 
almost 3 years of examination of existing engineering data covering 
the 30-odd routes proposed for an isthmian crossing, inspection of the 
Panama and Nicaragua routes, and conferences with Panama Canal 
officials and — staff, the Board of Consultants has submitted 
its report to the Merchant Marine and Fisheries Committee, which 
unanimously adopted it and submits it herewith to the Congress. 

Briefly, the Board has determined that the present canal with im- 
provements presently underway and additional ones suggested by it is 
adequate to care for predicted traffic for the next 40 years. The cost 
of the improvements will be relatively small and can readily be car- 
ried by tolls. This determination was a most welcome one since the 
alternative being urged is the immediate construction of a sea level 
— which would cost the taxpayers of the United States over $2% 

ion. 

I believe this — produced by these eminent gentlemen at the 
cost of a great deal of time and thought and at a sacrifice of their per- 
sonal affairs, will stand for many years as the authority on the needs 
of the canal and I wish to extend my personal appreciation and that 


of my entire committee for their unselfish and outstanding work in its 
production. 


Sincerely 
ee 
Hersert C. Bonner, Chairman. 
Im 
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LETTER OF TRANSMITTAL 


BoarD oF CONSULTANTS, 
IstamM1aAn CANAL STUDIES, 
June 1, 1960. 
Hon. Hersert C. Bonner, 
Chairman, Committee on Merchant Marine and Fisheries, 
House of Representatives, Washington, D.C. 


Dear Mr. Bonner: Pursuant to authority granted by House 
Resolution 149, 85th Congress, adopted February 27, 1957, the 
Committee on Merchant Marine and Fisheries of Congress, appointed 
a Board of Consultants on Isthmian Canal Studies to investigate 
short- and long-range plans for the operation, improvements, and 
other matters relating to the adequacy of the Panama Canal, and 
to submit a report thereon. ‘As its first assignment, the Board of 
Consultants made an investigation and study of a short-range im- 
provement program to the Panama Canal, and under date of July 
15, 1958, submitted its report thereon. 

The Board continued its studies and investigations under the 
authority contained in House Resolution 105 of the 86th Congress. 

The Board of Consultants has also made an investigation and 


study of a long-range ——— for the operation, construction, and 


improvements to the Panama Canal, and the Board now submits 
its report on a long-range program together with its conclusions and 
recommendations. 

The Board acknowledges and expresses appreciation for the co- 
on given to the Board by Maj. Gen. W. E. Potter, Governor 
of the Canal Zone, and his staff; to Howard T. Critchlow, the staff 
assistant to the Board; and to Bernard J. Zincke, Esq., for his efficient 
and constant cooperation in connection with this investigation and 
report, and as secretary to the Board. The Board is grateful for 
this assistance. | 

Respectfully submitted. 

BoarD oF CONSULTANTS, 
IstHMIAN CANAL STUDIES, 
Francis S. Frre.. 

LesuiE R. Groves. 
Hartiey Rowe. 

JoHN E. Suater. 

S. C. Houuister, Chairman. 
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I. Purpose AND Scope or Report 
A. REASON FOR THE STUDIES 


In recent years the traffic through the Panama Canal has grown 
rapidly. This increase has narrowed the gap between capacity and 
traffic demand to the point where some concern was aroused as to 
future capacity and a ible limit of all service by the canal. 

The Board of Consultants was appointed to undertake a study and 
report its findings. 

B. PURPOSE 


The purpose of this report is— 

1. To review and evaluate available forecasts of growth of 
traffic through the Panama Canal. 

2. To examine the present status of the canal and to determine 
its present traffic capacity. 

3. To evaluate proposals to increase the capacity of the present 
canal to a practical maximum. 

4. To estimate the time when the canal will have reached traf- 
fic owe. 

5. To review and evaluate plans for enlarging the present canal. 

6. To review and evaluate alternate routes for crossing the 
isthmus. 

7. And finally, to reeommezd the steps that should be taken, 
among those that represent sound engineering and are economical, 
to maintain transisthmian service at a level that adequately 
satisfies the needs of the United States and of world commerce. 


C. SCOPE 


This report considers the ultimate potential of the present canal; 
the feasibilities of lock-canal crossings at other sites across the isthmus; 
and the suitability of a sea-level canal in the Canal Zone and elsewhere. 

No new field engineering was done for the purpose of this report. 
It is based on data arid studies made by others for the Panama Canal 
Company, or by the Company’s staff. 

The Board of Consultants has examined and studied all current 
reports relating to improvements to the Panama Canal, including the 
1947 report... Members of the Board have made an inspection of the 
facilities ai the Panama Canal and also of the site in Nicaragua. 

The Board of Consultants has considered several alternate plans 
of the Panama Canal Company, for increasing the capacity of the 


canal, which are fully described in the main body of this report. 
ese plans are as follows: 


' Report of the Governor of the Panama Canal, ‘Isthmian Canal Studies, 1947.” 
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Plan I. Interim improvements to the present canal—Estimated 
cost, $61 million. 

Plan II. Third Locks Canal—Estimated cost, $733,080,000. 

Plan III. Consolidated Third Locks Canal—Estimated cost, 
$1,020,900,000. 

Plan IV. Zone Sea-Level Canal—Estimated cost, $2,368,500,000. 

Other routes investigated were Ni a’ Lock Canal—Estimated 
cost $4,095 million; 11 other routes in Panama, 5 in Panama and 
Colombia, and 6 in Colombia, were reported upon in the ‘Isthmian 
Canal Studies Report of 1947,” and these reports were reviewed by 
a gga of Consultants in conjunction with its investigation and 
study. 

The main body of this report contains facts relating to the design, 
construction, and operation of the Panama Canal, together with the 
— engineering data used in connection with this investigation and 
study. 


II. ConcLusions AND RECOMMENDATIONS 


A. SUMMARY OF CONCLUSIONS 


Based upon its investigations and study, your Board has reached 
the following conclusions: 

1. The major justification for large additional capital expenditures 
for the Panama Canal is to increase its potential capacity for handling 
all ships requiring transit between the Atlantic and Pacific Oceans. 

2. Unless improvements are made for security reasons alone, the 
carrying charges of all capital expenditures, including appropriate 


amortization, as well as the cost of operation and maintenance of the 
canal, should be borne by canal tolls. 

3. Before approving any plans for increasing the capacity of the 
canal, it is necessary to compare estimated future traffic and potential 
capacity under different plans. 

4. We have used as a reasonable estimate of traffic potential the 
findings in the Stanford Research Institute report.? That report fore- 
casts the following tonnages and transits through the canal for 1975 
and 2000, as contrasted with the results for 1959: 


1959 1975 2000 


Tonnage | (commercial) 51, 153, 000 73, 436, 000 102, 130, 000 
Transits (commerc 9, 719 ll 15, 452 


) , 530 
Transits (including U.S. Government ships) 9, 923 11, 790 15, 712 


1 Long tons. 


5. Studies made by the staff of the Panama Canal Company show 
that there are wide fluctuations between average and peak days of 
the year; and, in addition, by reason of cyclical changes, the ratio of 
the peak to the average of a cycle may be 115 percent. Their con 
clusion, with which we are not in full accord, is that the capacity t0 
meet. the daily demand should be 125 percent of the transits for at 
average day of the period; and in measuring the capacity require- 
ments of the Canal, they consider it necessary to provide 144 percent 
of an average day’s movement to provide for the peaks in days 

2 See app. 1, p. 43. 
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in cycles. On these bases, the following transits and lockages per 
day would represent in their opinion the potential demand on the 
Canal’s facilities in 1975 and 2000, as contrasted with the actual in 
1959: 


Transits, average day ; 43.0 
Transits, provision for peaks. 46.5 61.9 
Lockages, da . 37.4 
Lockages, 53.8 


1 Maximum. 


While we do not challenge the statistical facts set forth by the staff 
of the Panama Canal Company, we do not agree that it is essential to 
provide sufficient capacity at all times to meet the very infrequent 
condition of a peak day in a peak cycle by providing for the immediate 
transit of every vessel on its arrival. 

6. As contrasted with potential demand, the potential capacity of 
the canal at the completion of the individual plans which have been 
proposed is given below. The a are given both for sae when 
traffic can move freely in both directions and when traffic flow is re- 
duced by reason of lockage repairs. These figures should be reduced 
by two to four per day to allow for reduction in capacity because of 
the transit of clear-cut * vessels and other interferences with the free 
flow of traffic. 


Average lockages 
per day 


Full op- 
eration out for 


At completion of short-range ram and pian I! 
Plan 34 3d set of locks aint “ 


! Optimum 
, ah conditions with sey 


lockages. 
lowing for slower lockage of ships, this ag becomes 36. See p. 12. 


+ Well in excess of peak d . 
‘ Uniimited peak demand anticipated in year 


7. A comparison of peak demands and the capacities oifered under 
the various plans shows that either a plan for a third set of locks 
(plan II), or one for’a sea-level canal (plan IV), would be adequate 
to meet all demands except that the former plan would not accom- 
modate vessels with a beam of more than 132 feet. In our judgment 
no large investment is justified solely to accommodate the small 
number of large ~— that could not pass through these locks. 

8. Comparison of capacity and demand also shows that even the 
present canal, after the completion of the short-range program and 
plan I, will have fully adequate capacity to meet the demands of 
traffic beyond the year 2000, except in the periods when one-lane 
Operation is necessary. Single-lane operation is called for only in the 
prevArge ships that cannot safely pass other ships in foot in Gaillard cut under the then 


the 300- channels 
they ha conditions, necessitates clearing the full length of the cut of vessels coming toward them, until 
ve transited the cut. Such transits, and the vessels that require them, are referred to as ‘‘clear cuts.’ ’ 
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years and for the period when repairs or overhauls are being made to 
the locks or to the miter gates in those locks. This latter occurs at 
present for periods of 4 weeks every 5 years at the Atlantic end, and 
8 weeks every 5 years at the Pacific end. td 

9. We believe the present canal should be regarded and operated 
as a two-lane canal; and that steps should be taken to safeguard its 
operations as such. Prompt and continuing study should given 
to a program of reducing to an absolute minimum the number of 
days of single-lane operation. A number of suggestions which appear 
to be feasible have already been made by the Canal Company per- 
sonnel which would result in a decided improvement in this respect. 
A substantial capital expenditure would be justified to provide the 
methods for the replacement of miter gates in a period of a few days 
and in making possible other locks.repairs with minimum interference 
with the traffic. Assistance would be given such a program by en- 
couraging improved soneduling. of ship arrivals and by carrying out 
repairs in periods of lower traffic demand. 

10. In our opinion plan I should not only be adopted and carried 
out, but snould be expedited as much as ible. At the same time 
this plan should be augmented to provide sound means of reducing 
single-lane operation to a negligible period, and of increasing capacity 
during such period. 

11. We base judgment of the economics of the various plans for 
the improvement of the canal upon the following assumptions, which 
we believe to be reasonable: 

(a) That increases in cost of maintenance and operation of the 
present canal which may be due to increases in costs of labor and 
material, should be met by offsetting increases in the toll sched- 
ules, because such increases would almost certainly be a part of 
e broad pattern of rising world costs and prices. 

(6) While the present average interest rate is 2.555 percent 
(for the 1959 interest payments on the Federal investment in the 
Panama Canal), the financial realities as shown in the market 
for Government securities in the last few years indicate that any 
additional money required for any of the long-range plans would 
more probably cost the Government in the neighborhood of 3) 
percent, which latter rate should be used for estimating the costs 
of funding future construction. 

12. A comparative study of the plans involving third locks or a sea- 
level canal shows that all of them would assure sufficient tice | 
for traffic well beyond the year 2000, except that the cheaper. third- 
lock plan (plan II) would not provide for vessels of beam in excess of 
132 feet. The advantage of the third-lock plan is that, with the ex- 
ception above indicated, it can supply capacity required at 4 
capital cost less than one-third the cost of a sea-level canal. 
other hand, maintenance and operating costs of a lock canal. are 
several times as preet as those of a sea-level canal, and because of the 
large amount of labor involved in lock operation, these costs are 
subject to any inflationary rise, which must be offset by incre 
tolls. Furthermore, if a third-lock canal (plan II or III) were under- 
taken now, the potential traffic could not bear the additional 
charges for some years, and a subsidy would be required. es 

13. The basic advantages of the sea-level canal are its unlimited 
capacity and its very low operating cost. However, its fixed charges 
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are very high, and would commence with the start of the enormous 
construction job. If started now, these fixed charges would com- 
mence decades before the volume of traffic, even with increased rates, 
could absorb them. Hence a subsidy would be required to meet a 
heavy deficit over a period of many years. : 

14. In view of conclusions 12 and 13 above, we believe that every 
effort should be made to postpone as long as possible both of these 
alternatives through the means set forth in conclusion 10 for reducing 
the period required for single-lane operation. 

15. The ultimate solution of the basic problem is probably a sea- 
level canal; but its construction should await a traffic volume that 
can support the large cost. 

16, We are doubtful if any reasunable plan to construct a sea-level 
canal in the Canal Zone could be carried through without serious 
danger of a long interruption to traffic at the time of cutever fromthe 
present lock canal. ; 

This conclusion results from our studies of proposed construction 
methods of a sea-level canal within the Canal Zone using equipment 
which has not been designed or tested and by a study of the slopes 
first set forth in the report of 1947. We are extremely doubtful of the 
stability of the slopes therein proposed, during the very short period 
of unwatering the present lakes. In our — slides of the first 
magnitude could easily result from the use of such slopes, in the short 
period of unwatering. This, difficulty may be minimized by building 
the sea-level canal in scctions; but this would materially increase 
the yardage and costs, for which there are no estimates available. 





pean LOCK CANAL 


LL eee 
oe i 


Looking south. 
Ficure | 


December 1904. 


3 
3 
3 
z 
: 
e 
: 
. 
g 
z 
: 








PLaTe 1.—Steam shovel excavating and loading French dump cars near Gold Hill. 
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17. Because of the enormous construction costs of any sea-level 
canal, a continuing study of new methods of construction looking to 
a decrease in such costs should be carried out under the direction of 
the Canal Company. 

18. Because of the rapid growth of traffic in the last year and the 
difficulties in forecasting accurately changes in the flow of world trade 
and shipping, we believe that the volume of traffic should be watched 
carefully and that a new evaluation should be made not later than 
the year 1970. 

19. We do not see how nuclear explosives, in the present state of 
the art, could be used in any construction of a sea-level canal in the 
Canal Zone, on account of radioactive contamination and the farflung 
material thrown out of the crater. We do, however, believe that 
experimental development of safe methods of excavation by nuclear 
explosives should be carried forward vigorously by the appropriate 
Government agency. 

20. A sea-level canal cannot be justified economically in the near 
future unless it can be built much more cheaply than under any plan 
so far proposed. As of now, the only hope for an economically justifi- 
able sea-level canal appears to be by excavation through as yet 
unproven nuclear means. 


B. RECOMMENDATIONS 


Based upon its investigations and studies, and the conclusions set 
forth above, your Board of Consultants makes the following recom- 
mendations: 

1. Plan I should be accelerated as rapidly as is economically 
possible. 

2. Effective two-lane operation should be provided by aug- 
menting the hydraulic and other lock machinery and by improving 
the lock overhaul and ship scheduling procedures. 

3. The power and water supply situation should be studied by 
the Panama Canal Company with a view to alleviating the 
pee and increasing difficulties during periods of water 
shortages. 

4. Further engineering studies of sea-level canal routes across 
the isthmus in Colombia should be initiated and prosecuted 
vigorously. 

5. A continuing study of new conventional methods of canal 
construction should be carried on under the direction of the 
Panama Canal Company. 

6. The experimental development: of excavation by nuclear 
explosions should be vigorously pushed by the appropriate 

vernment agency. 

7. The entire situation should be reviewed in 1970, or if the 
Present traffic estimates are appreciably exceeded, at an appro- 
priately earlier date. 

8. No sea-level canal project in the Canal Zone should be 
undertaken in the near future. 


57677 O—60—__2 
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Ill. Tae Panama CANAL 
A. IMPORTANCE OF PANAMA: CANAL TO THE UNITED STATES 


About 70 percent of the 60 million tons of cargo passing through 
the Panama Canal each year is destined to or from US. ports. ieee 
sixth of this tonnage is made up of movements between the two coasts 
of the United States, and the balance is U.S. export-import com- 
merce. Each year the economy of the United States becomes more 
dependent upon imports of raw materials, and the expanding indus- 
trial complex continuously seeks to compete in new markets abroad. 


B. DESCRIPTION 


The present canal, constructed during 1904-14 (see fig. 1 and pl. 1) 
consists of short sea-level sections at either end and a long elevated 
intermediate section separated from the end sections by sets of locks. 
The sea-level sections may take traffic in both directions simul- 
taneously. The Gatun locks at the Atlantic end and the Miraflores 
and Pedro Miguel locks at the Pacific end (see pl. 2), are arranged 
with two parallel lanes to accommodate traffic in either direction 
independently. The Gatun locks have three lifts, sea level to 85 feet; 
the Miraflores locks, two lifts, sea level to 54 feet; and Pedro Miguel 
locks, one lift, 54 to 85 feet. (See fig. 2.) 
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PLATE 2.—Miraflores Locks, showing Miraflores Lake and Pedro Miguel Locks in 
background. January 1957. 
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The elevated intermediate section between Gatun and Pedro 
Miguel locks is 32 miles long (see pl. 3) and its normal elevation is 
85 feet above sea level. The stretch from Gatun to Gamboa, 24 

miles, is through Gatun Lake and has varying channel widths from 
500 to 1 ,000 feet, wide enough for passage of ships in two lanes. The 
stretch from Gamboa to Pedro Miguel locks, a distance of 8 miles, 
lies in the Gaillard cut. 

The normal controlling dimensions of the channel in Gaillard cut 
are 300 feet bottom width with bottom at elevation 40 feet. For a 
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PLaTe 3.—Aerial view of Panama Canal looking north from Contractors Hill. Chan- 
nel in Culebra Reach (center) widened to 500 ft.; remainder 300 ft. June 1959. 
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minimum Gatun Lake level of elevation 82 feet, this gives a con- 
trolling depth of 42 feet. Safe navigation of supertankers and large 
ore boats requires a depth of 5 feet or more of water below the keel 
and a channel bottom width of 500 feet. 

Between Miraflores and Pedro Miguel locks lies Miraflores Lake 
(elevation 54 feet), about a mile and a half long. 

The controlling dimensions of lock chambers are: length 1,000 feet; 
width 110 feet; depth 41 feet. The lock chambers ’are subdivided by 
intermediate gates into usable lengths as follows: Gatun locks, lower 
and middle chamber 693 and 330 feet; upper:chamber of all locks, 
550 and 330 feet. There are no intermediate gates at Miraflores 
locks, lower chamber. This division of chambers was provided to 
conserve water when handling small vessels singly. (See fig. 3.) 





nS Si 
ot eee ee age 


Ficure 3.—Typical plan and section of lock chambers. 
C. CAPACITY OF THE PRESENT CANAL 


The optimum capacity of the canal is dependent on synchronized 
operations. The factors which affect the capacity of the canal are 
(1) restricted dimensions in Gaillard cut; (2) the number of lockages 
that can be completed in a day; (3) the number of daylight hours 
during which certain classes of ships can pass through Gaillard cut; 
(4) the necessity for single-lane operation during overhaul of lock 
gates and other hydraulic operating facilities; (5) the necessity for 
reer operation in the event of accidents in lock chambers or 
failure of structures or locks o erating machinery; (6) the arrival of 
unusual numbers of large vessels or types of ships requiring clear-cut 
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treatment; (7) imbalance of north and south transits; (8) occurrence 
of fog, rain, and unusual wind velocity. 

The capacity of Gaillard cut is based upon the number of large ships, 
bad-handling ships, and ships carrying explosives (all generally han 
as clear cuts) that seek passage each day. (See pl. 4.) Operating 
experience under present conditions indicates that with no “daylight 
clear cuts’’ * and with normal conditions at the locks (i.e., no overhauls 
in progress or emergency conditions which curtail full utilization of 
the locks) 36 lockages can be handled each 24-hour day.’ ‘When 4 
daylight clear cuts seek passage, the number of lockages per day is 
reduced to 34. 





PiatTe 4.—Clearcut vessel being towed in Empire Reach, a 300-ft. wide section of 
Gaillard Cut. View looking northwest. 


Each lane of Gatun locks has an average lockage interval for ships 
of average size, of 80 minutes. Under present 24-hour, 5-crew 0 
tions, the 2 lanes at Gatun locks can handle 30 arose ship-size lock- 
ages per day. This capacity can be increased to 36 lock per day 
on a 24-hour, 6-crew basis. The average lockage interval at Pedro 
Miguel locks is 40 minutes, and at Miraflores locks it is 60 minutes. 
Thus, their normal capacities are 72 and 48 aver ize lockages per 
24-hour day. Since these exceed the capacities of Gatun locks, Gatun 
locks are controlling. The present maximum capacity of the canal 
during nonoverhaul periods and with no clear-cut ships is, therefore, 
36 average-size lockages per 24-hour day.® 

When Gatun locks are undergoing overhaul (present controlli 
critical. condition), the number ms lockages per 24-hour day is reduce 


* Clear cuts that can be accommodated only in daytime are called daylight clear cuts. 
5 Without relay lockages or other means of decreasing lockage time. 
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fo 32 with no daylight clear cuts and to 30 with 4 daylight clear cuts. 

Normally, lock overhauls occur every 5 years at each of the three 
locks, in staggered years for Atlantic and Pacific sides, and are made 
during the dry seasons which are generally free from dense fogs ® 
that impede or stop passage of ships in the cut. 

While ships of normal size can pass through Gatun loeks in 80 min- 
utes, larger ships require as much as 120 minutes. The number of 
large ships os the canal has increased from 8 during fiscal year 
1951 to 309 in fiscal year 1959. Daily transits of two or three such 
ships are not unusual. In 1959 the average was 0.8 per day. By 
1975 an average of 2.4 per day, and by 2000 an average of 3.9 per day 
is estimated. 

With a minimum Gatun Lake level of elevation 82.0 feet, the depth 
over the miter gate sill in the upper Gatun lock is 44.7 feet. The 
corresponding depth in Gaillard cut is 42 feet when channel depth 
(bottom elevation 40.0 feet) is maintained. 

It is estimated that at present only 2 percent of the vessels in the 
world commercial fleet that would seek passage through the canal 
cannot be accommodated by it, because of width or draft of vessel. 

Large ships are presently considered to be those having a maximum 
width of 80 feet or more. A limitation for commercial vessels has 
been established of 102-foot widih, length 800 feet, and fresh-water 
draft 37 feet. These ships are handled at present as daylight clear 
cuts. (See pl. 5.) 





PLaTe 5.—SS San Juan Merchant passing between Gold Hill (right) and Contractors 
Hill. Example of 2-tug Clearcut handling to maintain position in narrow channel. 
Note former slide area at right (Cucaracha Slide, 2,900,000 cu. yds.) 


RF : 7 
Fogs are discussed in detail in app. 6. The average number of dense fogs in ~~ pee is 19, and the 


ane is 9}4 hours; and the occurrence was mostly in the rainy season, between midnight and 
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IV. Past, Present, AND Future Trarric THROUGH THE CANAL 


Figure 4 summarizes the various forecasts of future traffic through 
the Panama Canal that have been made to date, together with the 
actual traffic handled through the canal. 


A. STANFORD REPORT 


A recent forecast prepared for the Panama Canal Company by the 
Stanford Research Institute’ sets forth in detail an estimate of the 
future traffic through the canal based upon estimated influences affect- 
ing the pattern of world trade. We consider the estimates contained 
in this report to be reasonably conservative. 

The report considers two methods of approach to analyze the com- 
ponents of Panama Canal traffic. First, the transits of 11 major com- 
modities and commodity groups accounting for three-fourths of all 
cargo tonnage in recent years are analyzed; second, all other cargoes, 
termed minority commodities, were analyzed with respect to the trade 
routes over which these commodities move. Three basic vessel types 
were studied to estimate the number of transits that will be required 
to move the estimated tonnages. Factors affecting vessel size and 
utilization of vessel capacity were analyzed. 

Two future target dates for cargo tonnage and canal transits were 
considered: 1975 and the year 2000. 

The estimated total tonnage for 1975 and 2000, together with the 
average of actual shipments for the 3 years, 1955-75, for the 11 major 
commodities, and all minor commodities, are as follows: 


Estimated total tonnage 








(Thousands of long tons} 
i 1975 
RRP "Tacccctttetncieeintrnanmbeenanaaniel 
Commodities tons, 

1955-57 Percent of 

Tons 1955-57 

average 
"To boone ck nucd eee 33, 134 57, 251 173.7 
Tag eee ee 11, 127 16, 185 145. 5 

NS ee ee 44, 261 73, 436 165.9 102, 130 230.7 





_ Nearly 80 percent of the total expected increase in tonnage of ma- 
jor commodities is accounted for by iron ore and coal. Analysis of 
petroleum and petroleum products led to the conclusion that future 
tonnages of these items through the canal will be only moderately 
higher than those of recent years, in spite of the very large increase 
that will occur in total world petroleum shipments. 

(a) General cargo vessel transits 


The average cargo per laden transit since 1930 was analyzed in 
relation to average-vessel capacity in Panama Canal net tons. Since 
the 3 years, 1955-57, Poe generally prosperous conditions, the 
average load factor of these years was applied in estimating future 


ea on the assumption that similarly prosperous conditions will 
vail. 


"Report on Analysis of Traffic Through the Panama Canal (1958).”"_ See app. 1, p. 43. 
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Changes in the average size of vessels in the general cargo ship 
fleets of the world and in the cargo fleets of nations that are major 
users of the canal were analyzed to determine the trend in vessel 
size. It was concluded that by 1975 the average size of general ca 
vessels using the canal would increase about 10 percent and would 
thereafter be relatively constant. 

The proportion of general cargo transits made in ballast in past 
years was analyzed, but no clear relation to world shipping conditions 
was found. The average proportion of ballast transits since 1950 
is 12.1 percent and this was assumed to be typical of the future. 


(6). Forecast of future transits 
The foregoing conclusions as to ship size, load factor, and propor- 
tion of ballast transits, when applied to the estimated available cargo 


tonnage, yields an estimated 9,980 transits by general cargo vessels 
in 1975 and 13,500 transits in the year 2000. 


The following table is a summary of the 1959 actual and the esti- 
mated future transits through the canal: 


Summary of estimated future transits 


1 1975 2000 
(actual) 

RepOER CORRS WONNIEE, 5... no sencc qn ene nnecoenbpeccsen==thetpaeee- ses 7, 964. 0 9, 980. 0 13, 500.0 
brs. n.cpih baptagyd-.-Lie aie -434540-54 ye) -$$558~ ued 1, 069.0 576. 0 504.0 
RIE COE IOU  omcgs nnn dig cnnhpereqne pe go ccerehe ce dneseny ¢--selbpwanse 371.0 624.0 1, 028.0 
Pupiiger SiigOo) li). ..6 2. isk ssh ed 315.0 350.0 420.0 
1.5. Govemntnent Ci. pcb bind nae - pee cy--eareectarrevereeres ania 204.0 260. 0 260.0 
ical nacidtiinadctentee herein dpiltirirepaannsiiiiaiactibaarsinischonggibeel 9,923.0 | 11,790.0 15, 712.0 
A Verege GemetN PEF GRY... - <n a sng een dnrn cabanas on eee eh~ 27.2 32.3 43.0 
RR i EL PE ol 118.0 158.0 
VEG RENN DOE GI |. picasso isn 5 og secg ssc (apse gs ici piggy ds Reuse 28.1 37.4 
Annual tonnage (1,000 tons) (commercial only). -............-.-+.-.-.]------.---.- 73, 436. 0 102, 130.0 
Annual transits (commercial only)... .00~ ono ewe coe. sveccese fesse s swe 11, 530. 0 15, 452.0 
6, 360. 0 6, 600. 0 


Average tons per transit (commercial only) -- ...-----..-.----..-----]-.---------- 


(ce) Forecast of daily arrivals of vessels at the canal 


The Panama Canal Company has made a forecast of daily arrivals 
of vessels at the canal, for normal peak and cyclic peak days, as 











follows: ; 
Number of ships Number of ships 
Year a) oe eee Year 
Neemel Ores Normal | Cyelice 
ay! day a day i y 
1959 highest day._........ -..- 3 1906.1 4655.45--4.024)4.-0Red 44 50 
a 2 33 Be Cian cacinthan ett abccmedied 46 53 
eRsIIf: Asie eA 35 60: CURR se at 49 56 
Te ee eee 38 i TL a ee 52 8 
NE od. | gE! 41 OE eee restate 54 





1 125 percent of predicted daily average. 
? Normal peak day plus 15 percent for cyclic variation 


3 On. Feb. 11, 1959, 43 ships arrived; 7 were held over from Feb. 10; 33 transited Feb. 11, and 17 were held 
until Feb. 12. 
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V. Factors Limitinc Capacity or Present CaNnau 


In the description of the present canal in chapter ILI, certain features 
were pointed out that restrict the capacity of the canal. It is neces- 
sary to discuss the major limitations in more detail in order that 
their importance may be evaluated. 


A. LOCK LIMITATIONS 


The dimensions of the lock chambers and gates are;.length, 1,000 
feet; width, 110 feet; depth, 41 feet. A minimum of 4-foot clearance 
is desirable between the side of a vessel and each lock wall, to lock a 
vessel through without having it rubbed, indented, or otherwise 
damaged while under control of towing locomotives. (See pl. 6.) 
This limits the beam of commercial vessels regularly transiting to 
102 feet. The elevation of the upper miter sills at Gatun locks and 
Pedro Miguel locks is 37.3 feet. hen Gatun Lake is at a minimum 
elevation of 82.0 feet, the fresh-water depth over the sills is 44.7 feet; 
and it would be possible to tow a vessel with a fresh-water draft 
re Sy greater than the present normal limitation of 37 feet over 
the sills. 

Basically, the absolute measure of the canal! capacity is the maxi- 
mum number of lockages that can be processed in 24 hours. A lockage 
interval represents the average elapsed time between a ship’s entrance 





S 


id 


PLaTE 6.—SS Harvey S. Mudd in Gatun Locks, among largest bulk carriers to transit 
Canal. November 1959. 
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into one lane of a lock and the time that the next ship can enter, 
The limiting factors which will prevail after fiscal year 1962, when 
the short-range program ® is completed, are discussed below. 


(a) Average lockage interval 


The normal lockage interval for each lane for an average-size ship 
is expected to be 70 minutes at Gatun locks (three lifts), 55 minutes 


at Miraflores locks (two lifts), and 35 minutes at Pedro Miguel locks 
(one lift). 


(6) Lockage intervals for large ships and superships 

The transit of large ships (80 feet or more in beam) and particularly 
of superships (86 feet or more in beam) increase lockage intervals, 
(See pls. 6 and 7.) For instance, the average lockage interval at 
Gatun locks is increased by about 30 minutes for a large vessel and 
may be increased by as much as 50 minutes for a supership, with 
similarly greater lockage intervals required at Miraflores — Pedro 
Miguel Jocks. It is expected that the same increased lockage intervals 
for large ships will prevail after fiscal year 1962. 


(c) Relay lockages 


Relay lockages involve the use of two sets of locomotives at one 
lane of a lock. The first set tows a ship halfway through the lock 
and then returns to pick up a following ship. The second set picks the 





PLate 7.—SS Arabian Tanker, among largest bulk carriers to transit Canal, entering 
Pedro Miguel Locks. December 1958. 


8’ The “Short Range Improvement Program of the Panama Canal Company” was recommended by the 
Board of Consultants July 15, 1958. See app. 2, p. 187. 
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ship up at the halfway point and tows it through the rest of the lock. 
At Gatun and Miraflores locks a relay lockage interval is about 35 
minutes. Since Pedro Miguel has only one lift, it is not practical to 
use relay lockages there, where the interval is already 35 minutes. 
This system can increase the epecihy of the canal nearly 100 percent. 

Relay locking requires additional locomotives—more than are con- 
templated in the short-range program. It also requires that ships 
present themselves in a grouping that makes relaying possible. As 
the traffic grows heavier, relay lockages will become more feasible, 
and should be a means of increasing the capacity of the canal under 
full two-lane operating conditions to a capacity beyond any antici- 
pated traffic in the year 2000. If accidents in lock chambers, or failure 
of machinery or structures, should force single-lane operations, the 
present capacity will be reduced. It will be increasingly necessary 
as traffic grows, to develop safeguards against any prolonged outage. 
The Board of Consultants believes this can be accomplished. 


(d) Tandem lockages 


When two or more ships transit the canal as a unit and pass through 
each lock in the same chamber, the passage through the locks is called 
a tandem lockage. Because of tandem lockages, an average of 1.15 
ships per lockage is achieved. 


(e) Locks capacity 

If three shifts are in operation at all locks, and relay lockages are 
in effect at Gatun and Miraflores locks, the maximum capacity of 
the canal, after the presently approved improvements are completed, 
would be in the order of 76 lockages, or 87 ships, a day. This would 
probably call for the purchase of additional towing locomotives. 

During the outage time due to overhaul of gates, now estimated 
to be 2 weeks, the canal is reduced in overall capacity to 38 lockages 
ina 24-hour day. Thus the capacity of the canal is half its potential. 
The Board of Consultants has studied this problem and is of the 
opinion that there are feasible means for overhaul that would require 
no more than 72 to 96 hours outages at one time; and that if these 
outage times can be selected for minimim traffic interference, the 
maximum capacity could be achieved. Expenditures would be neces- 
sary for revision of miter-gate overhaul and for additional hydraulic 
and electrical controls. The cost to accomplish these revisions would 
be nominal when compared to the cost of alternate major construction 
programs. 

B. CHANNEL RESTRICTIONS IN GAILLARD CUT 


Although vessels may satisfactorily fit the limiting dimensions of 
the locks and transit them safely or with minimum inconvenience, 
Gaillard cut poses serious hazards and would make ineffective any 
increased dimensions of the locks. The normal controlling dimensions 
of the channel in Gaillard cut are at present 300-foot bottom width 
and bottom elevation 40 feet, with a minimum water level of elevation 
82 feet. But safe navigation of large tankers and ore carriers requires 
at least a depth of 5 or more feet of water below the keel. If con- 
templated widening projects are accomplished as presently scheduled, 
after fiscal year 1962 approximately 3 miles of Gaillard cut will 
remain with a bottom width of only 300 feet. (See pl. 8.) 
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PLaTe 8.—Culebra Reach widened to 500 feet, showing two-lane operation. View 
looking southeast; Gold Hill on left, Contractors Hill (stepped) on right, on Con- 
tinental Divide. ; 


In these relatively tortuous confined waters, the adverse hydro- 
dynamic forces exerted on a large ship make control difficult and some- 
times impossible. Because of these conditions, the initial transit 
draft of vessels of 86-foot beam or over has been held to 34 feet fresh 
water, although their designed draft may be as much as 40 feet. After 
each such vessel proves itself capable of safe transits, progressivel 
inereased drafts are allowed. However, in many cases the draft al- 
lowed for Panama Canal transits will not under any conditions at 
present reach the allowed design draft. 

Experience and model tests have shown that a vessel length of about 
800 feet with normal draft of 37 feet is the largest for safe handling in 
the 300-foot wide portion of Gaillard cut, provided adequate tug 
assistance is given. (See pl. 5.) 


C. RESTRICTIONS IN THE LOCKS 


The lower miter sills at’ Pedro Miguel locks are at elevation 13 feet. 
When Miraflores Lake is’ at elevation 54 feet the fresh-water depth 
over the sills is 41’ feet. The configuration of the locks and of the 
vessel determine finally the vessel’s permissible draft. Asan example, 
a vessel of 102-foot beam, although otherwise authorized for a 35- to 
37-foot draft for Gaillard cut, would be held to 33 feet 6 inches in the 
locks if it has bilge keels which would rub against the lock wall batter. 
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D. LIGHTING 


No vessel, regardless of size or cargo, is allowed to pass another vessel 
in Gaillard cut during hours of darkness. This restriction to traffic is 
ly because of the limited lighting facilities in the cut and partly 
cause of its restricted channel width and depth. Under the short- 
range improvement program, a project for lighting the Gaillard eut 
and locks is underway. This project will minimize accident hazards, 
will increase capacity by decreasing the number of daylight clear-cut 
ships and will permit two-way traffic in Gaillard cut at might ier most 
vessels except where limited by the 300-foot width reaches. 


E. LOCK OVERHAUL 


The dependable capacity of the canal is at present limited, at times, 
to the capacity of a single lock lane. This is because of the necessity 
of taking a lock out of service periodically for overhauling underwater 
equipment, and in the rare event of accidental damage or failure of 
locks machinery or structures. The past practice had been to take 
each lane out of service every 5 years for a period of about 6 weeks, 
for routine overhaul. The ovedigats are normally alternated on a 
predetermined schedule between the locks at the Atlantic and Pacific 
entrances, there being two’ 2-week periods of outage for the Atlantic 
locks and four 2-week periods for the Pacific locks each 5 years. 

It is generally predicted that the capacity of a single lock lane would 
be insufficient at times to meet the needs of expected traffic beyond 
about 1960. Transits during the month of February 1960 actually 
exceeded single-lane capacity. If traffic demands are to be met, the 
present length of time of outage because of lock overhauls must be 
reduced to a minimum and preferably eliminated. The miter gates 
and the center and sidewall culvert valves are the parts that must 
be overhauled, the miter gates being the most difficult and requiring 
the longest time. 

(a) Miter gates : 

Since the gates were individually constructed and assembled in 
place and are of several heights, they are not interchangeable. The 
overhaul of a gate, therefore, necessitates closing a lock lane until 
the operation is completed. Seven new gates of two leaves each would 
be required to provide interchange of gates for overhaul. As traffic 
increases, such duplicates may be needed to reduce outage time. 


In any case, a certain amount of time is needed for servicing pintles, 
seals, and bearings. 


(6) Culvert bulkheads 


Bulkheads in laterals leading from the center-wall culverts to the 
ports in the lock chamber floors were installed in 1956. This provided 
means for overhauling the valves in the center wall while both lanes 
are in operation; and when one chamber is empty, the opposite 
chamber may be served from both center and side culverts., This 
increased the capacity of Gatun locks from 23 to 29 lockages under 
the most critical overhaul conditions. 
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F. WATER SUPPLY LIMITATIONS 


To maintain the depth of 42 feet in the canal under present condi- 
tions, it is necessary to maintain the level of Gatun Lake at maximum 
elevation 87.0 feet. This requires the storing of water in Gatun Lake 
during the rainy season to elevation of 87.0 feet. Additional water 
is stored in Madden Lake for power development at the Madden 
Dam and for supplementing the water slinky for maintaining the 
level in Gatun he. During years of minimum rainfall the use of 
water for power development at the Gatun Hydroelectric Plant is 
curtailed to the extent required and power from Madden Hydroelectric 
Plant is supplemented by diesel generation. 

Careful Lptrologin studies indicate that there is sufficient water 
to meet the needs of future traffic to the end of the century, if care is 
exercised in conserving water for the primary use of navigation and 
municipal water supply; but in the dry seasons and during sub- 
normal rainy seasons there is not enough water to provide all of the 
electric power required. (See app. 6.) 

(a) Availability of water 

The future deepening of the channel, as proposed, from elevation 
40 to 35, will increase the available storage in Gatun Lake. (See 
app. 2, exhibit No. 3.) During drought conditions, when the lake 
is lowered below elevation 82, there still be a minimum depth of 
42 feet, which will accommodate vessels with maximum draft of 37 
feet. Such a condition will necessitate special handling of large vessels 
over the lock sills. 

During a normal rainy season water supply is more than adequate 
to meet all requirements. During a dry season, however, all water 
requirements must be filled from water previously stored in Madden 
and Gatun Lakes, for which maximum elevations are elevation 250 
feet and elevation 87 feet, respectively. 

The necessity of maintaining a minimum depth of 42 feet of water 
in the canal limits the minimum level of Gatun Lake to elevation 82 
feet. The usable storage capacity of Gatun Lake is, therefore, that 
stored between elevation 82 and elevation 87, which equals 519,600 
acre-feet. 

There is insufficient diesel power generating equipment on the 
isthmus to handle all power requirements. The minimum level of 
Madden Lake is, therefore, dictated by the need to continue power 
generation at the hydroelectric power station in Madden Dam. The 
usable storage capacity of Madden Lake is that stored between 
elevations 165 and 250, which amounts to 583,400 acre-feet. 

Since all water discharged at Madden Dam flows into Gatun Lake 
for reuse, the maximum usable storage during a dry season is 519,600 
plus 583,400, or 1,103,000 acre-feet. Although the normal dry season 
covers the 4-month period from January through April, there are 
frequent years, such as 1957, with severe dry seasons followed by & 
subnormal rainy season. Discussions herein as to availability and 
need of water are based on a 5-month dry period from January thro 
May. The maximum of 1,103,000 acre-feet of usable storage after 
evaporation loss is equivalent to an average flow of 3,683 cubic feet 
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per second over this 5-month period. There must be deducted from 
this, however, 100 cubic feet per second for municipal use and leakage, 
leaving a net available of 3,583 cubic feet per second. Only six dry 
seasons of record have had less than this quantity of water available. 
(See app. 7.) 

(6) Water required for lockages 

During a long period of operation, each through lockage from ocean 
to ocean requires one chamber of water at Gatun locks and one at 
Pedro Miguel locks. These two chambers are equal to 168 acre-feet 
of water, which is equivalent to 85 cubic feet per second of flow for 
iday. The 3,583 cubic feet per second of flow available from storage 
during a 5-month dry season is, therefore, adequate to handle an 
an average of 42 complete lockages a day. The Stanford forecast 
(p. 16) estimates for the year 2000, 15,712 transits, or a daily average 
of 37.4 lockages. 

(c) Water required for power generation 

The present electrical power load of the Canal Zone is approxi- 
mately 713,000 kilowatt-hours a day, of which about 453,600 kilowatt- 
hours can be generated at the hydroelectric station at Madden Dam 
with Madden Lake at elevation 200 feet. This leaves about 245,000 
kilowatt-hours a day which must be produced by the Gatun Hydro- 
electric Station, or by diesel generators if there is insufficient water 
available to operate the Gatun Station. 

If lockages during a 5-month dry season average 25 a day, lockages 
would utilize 2,125 cubic feet per second of the available 3,583 cubic 
feet per second of flow, leaving 1,458 cubic feet per second available 
at Gatun for power. Since 1 cubic foot per second of flow for 1 day 
at Gatun Dam will produce about 108 kilowatt-hours of power, 
depending on the head of water, this available flow could produce 
only about 157,500 kilowatt-hours a day, hence 87,500 kilowatt-hours 
would have to be ae gt by diesel generators. A study of past 
runoff records has been made, assuming that lockages during each 
dry season averaged 25 a day. This study showed that it would 
have been necessary to operate diesel powerplants during: 36 of the 
past 47 dry seasons, if lockages had averaged 25 a day. 

As traffic through the canal increases, hydroelectric power curtail- 
ment to conserve water for lockages will become almost a regular pro- 
cedure. The present operating cost of generating power at the diesel 
plants is approximately $0.0122 per kilowatt-hour as compared with 
an average operating cost of $0.0013 per kilowatt-hour for hydro- 
electric generation. By 1975, when lockages are projected to average 
29 a day, this cost differential would amount to about $308,200 a year 
to produce the total of 28,275,000 kilowatt-hours which would be 
required from diesel powerplants during a 5-month dry season. It is 
possible that this additional diesel-power generation could increase in 
cost to as much as $545,000 to produce 50 million kilowatt-hours with 
the level of Madden Lake held to a minimum elevation 200 during 
the dry season. If this should happen, it would become necessary to 
use diesel plants during the rainy season in order to permit refilling 
of Madden Lake to elevation 250 by the start of the next dry season. 
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G. UNEVEN FLOW OF TRAFFIC 


The following tables indicate considerable variation from day to 
day in the number and size of vessels arriving for transit: 


4 Transits distributed by beam of vessels 


Under 80-foot width Over 80-foot width 
Year i 


H. SUMMARY OF LIMITING FACTORS 


Summarizing the factors limiting the capacity of the Panama 
Canal, we find— 

Lock dimensions limit the width and draft of vessels to 102 
and 37 feet or less, respectively, depending on ship configuration. 
Lockage intervals are restricted by the number of locomotives 
and the handling pattern, and by the outage time resulting from 
overhaul of gates and of hydraulic and electrical controls. 

After 1962 about 3 miles of the Gaillard cut will have a bottom 
width of 300 feet, restricting the accommodations of larger ships: 
Clear cuts could not yet be eliminated at that date. 

Lighting of the Gaillard cut and improved lighting of the locks 
should be completed by 1962. Thereafter night passages should 
be safely practicable. .There will, however, be an average of 
approximately 27 nights per year when fog will occur, and under 
certain conditions rain will interfere with transit operations during 
the hours of darkness.. These interruptions will occur regardless 
of the form of canal. 

Water supply appears to, be adequate for lock operation and 
for municipal uses. Diesel standby units have been, used for 
supplying this. deficiency; but there is not, enough water for 
hydroelectric units to generate all the power required for the Canal 
Zone in the dry season and in some subnorma! rainy seasons. 


VI. ImprRovEMENTS PossiBLE IN Present CANAL INcLUDING SEA- 
LeveL CANAL In CANAL. ZONE 


A. PLANS CONSIDERED 


Your Board of Consultants has considered and reported upon @ 
short-range program of improvements to the present canal proposed 
and adopted by the Panama Canal Company. (See print, 85th 
Cong., Ist sess., July 15, 1958, app. 2 of this report.) 
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The Panama Canal Company has investigated several plans for 
increasing the capacity of the canal as follows: 
Plan I. Interim improvements to present canal. 
Plan II. Third gobs Canal. 


Plan III. Consolidated Third Locks Canal. 

Plan IV. Zone Sea-Level Canal. 
These will be briefly reviewed in order. The following brief summary 
was extracted from their report. 


B. PLAN I. INTERIM IMPROVEMENTS TO PRESENT CANAL ($61 MILLION) ° 


(a) Principal features (see apps. 2 and 3) 

This is an interim solution that will provide additional capacity 
and will permit safe operation under heavier anticipated workloads for 
at least one decade and possibly two. It utilizes the three-lock 
structures as they stand and does not appreciably change the canal 
alinement. This plan involves extensive channel improvements, 
and the development of techniques to decrease delays to shipping 
caused by the ge ae overhaul of lock machinery. 

The effect of the improvements under plan I upon the capacity of 
the canal will be to eliminate clear cuts except in the case of danger- 
ous cargo; to increase greatly the maneuverability of large a 
because of increased depth and channel width; and to raise the de- 
pendable capacity of the canal to meet estimated requirements for 
one decade and possibly two. It will not permit the canal to handle 
vessels of greater beam than are presently handled and will increase 
the allowable draft by no more than 1 foot because of the limiting 
depth of the locks. 

(6) Channel 


At is assumed that part of the Gaillard-cut channel will have been 
widened to 500 feet as approved in the short-range study. Under 
plan * the remainder of the 300-foot width of channel, about 3 miles, 
would be widened to 500 feet. The projected depth of channel 
throughout Gaillard cut and Gatun Lake would be increased from 42 
feet to 47 feet to permit greater lake drawdown, and thus to provide 
additional water for lockages and for improved ship maneuverability. 
(See pls. 9 and 10; also see app. 2, exhibit No. 3.) 

(c) Locks 


Modifications will be made in the locks to reduce materially the 

prolonged traffic restriction for overhauls. The principal modifica- 
tions to the locks would be made in the miter gate repair and setting 
procedures. 
e south approach wall of Gatun locks has settled until the end 
is about 414 feet below original elevation. It is proposed as part of 
this plan to rebuild the top of this wall back to its original elevation. 
(d) Water supply 


The usable water supply in Gatun Lake is increased under this 
plan, as noted above, by deepening the channel 3 feet more than re- 
quired for improvement of ship maneuverability. With this increase, 
the water supply is considered adequate for the operation of the 
canal as reconstructed under this plan. 


* Estimate by Panama Canal Company. 
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PLATE 9.—Single-lane Clearcut operation in Cucaracha Reach. Pedro Miguel Locks 
in background. View looking southeast. 1959. 


(e) Marine traffic control 


The marine traffic control system will be modernized and improved, 
The dispatching offices would be consolidated into a single control 
center with direct communications to all ships and the locks control 
houses. 


(f) Service life 


The life of the dredged channel can be perpetuated by periodic¢ 
dredging. The locks structures and equipment are subject to physical 
deterioration and obsolescence, but with replacement programs can 
be continued in proper maintenance and service for an indefinite period. 





Pirate 10.—Widening of Cucaracha Reach now in progress; Contractors Hill right 
foreground. View looking southeast. Pedro Miguel Locks in background. 1959. 


(g) Construction time and cost 


The estimated design and construction time for this project is 6 
to 10 years. The 10-year period represents the most economical time 
interval since it allows maximum use of existing Company dredging 
equipment. Construction time could be reduced to about 6 years if 
required. The estimated cost,’ using Company dredging equipiment, 
is $61 million, of which $57,730,000 would be for channel improve- 
ment; $470,000 lock modification; $1,800,000 marine traffic control 
system; and the remainder for repair to the south wall of Gatun locks. 

he proposed construction schedule for this project would require an 
average annual expenditure of $6,100,000 and a probable maximum 
annual expenditure of $11 million. This plan has been approved, 
design is practically completed, and construction has been initiated 
on several of the projects. (See pls. 7 and 8.) It is anticipated that 
this entire interim improvement program will be completed by 1970. 
In our opinion this program should ee accelerated. 


C, PLAN II, THIRD LOCKS CANAL ($733,080,000) (SEE APP. 3, FIG. 1) 


(a) Principal features 


The reconstruction of the Panama Canal in accordance with this 
plan would provide a lock canal capable of handling practically all 
commercial shipping through the year 2000. This plan includes ex- 


tensive channe 


—_—_—_—_——— 


'° Cost estimate by Panama Canal Company, 1959. 


improvements and the construction of a third-lock 
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lane at each of the existing lock sites. The new locks would have a 
navigable depth of 50 feet, which is considered adequate to accommo- 
date the increase in depth of ships through the end of the century, 
The channel would be deepened only enough to.handle expected 
drafts to the year 2000 since fe ee be snceneiiaadl 
whenever the need develops. This plan, leas ive ex 
for 2 I from the standpoint of capital cost, would serve all 
needs of commercial shipping to the year 2000, except possibly some 
specialized bulk carriers. s o- 
(b) Channel 4 ed gee 

The 300-foot sections of Gaillard cut would be widened to 500 feet 
and the entire fresh-water channe! would be deepened to 50 feet. 
The Atlantic approach channel and Cristobal Harbor would be deep- 
ened to elevation —50 feet. The Pacific approach channel and 
-— Harbor would be deepened to elevation —55 feet because of 
tide. >" 
Tn addition to these channel improvements, two alternate channel 
alinements for the north half of cut have been ae 
These have been designated La Pita ff and Empire Cutoff. 
These do not seem to your Board of Consultants to be’ necessary. 
However, if either of these alinements were constructed, no additional 
improvements would be made in that portion of the existing channel 
between the ends of the cutoff. 


(c) Locks ° 

A third set of locks would be constructed at each of the present lock 
sites. The new chambers would be 140 feet wide, 1,200 feet long, and 
would have a minimum depth of 50 feet of water over the sills. The 
new Gatun and Miraflores locks would be three lift and two lift, 
respectively, and would be located in the existing third locks excava- 
tions. The new Pedro Miguel lock would be located just to the west 
of, and roughly parallel to the existing Pedro Miguel lock, alined in 
such a manner that the lock centerline would coincide with the center- 
line of Cucaracha Reach. ‘ 


(d) Water supply 

The usable water supply in Gatun Lake is increased under this plan 
by deepening the channel and operating Gatun Lake over a wider 
range of drawdown. at that under normal conditions only 
large vessels will use the large locks, the water supply is considered 


adequate for navigation and municipal water requirements through 
the year 2000. 


(e) Marine traffic control 

The marine traffic control system would be modernized as described 
in plan I. 
(f) Service life 

This _— would provide a canal that should serve the estimated 
needs of commerce, with certain minor limitations, into at least the 
early part of the next century. 
(g) Construction time and cost 


The estimated construction time for the basic plan IT is 9 years. 
The estimated construction time for plan II with La Pita Cutoff is 
11 vears, and with Empire Cutoff is 10 years. 
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The estimated costs of plan II are: $733,080,000 " for the basic 
plan, $821,100,000 with La Pita Cutoff, and $926,600,000 with Empire 
Cutoff. The proposed construction schedule for the basic plan II 
would require an average annual expenditure of $105 million and a 
probable maximum annual expenditure of $190 million. 


D. PLAN III. CONSOLIDATED THIRD LOCKS CANAL ($1,020,900,000) 
(SEE APP. 8, FIG. 6) 
(a) Principal features 
Under this plan it is proposed to deepen and widen the channel, 
construct a new large lock lane at Gatun ahd Miraflores, add auother 
level to the existing Miraflores locks, raise Miraflores Lake to the 
level of Gatun Lake, and abandon existing Pedro Miguel locks. 


(b) Channel 


The ship channel would follow the present alinement and would 
have a minimum section 55 feet deep and 500 feet wide. The curves 
in Gaillard cut would be improved. The Atlantic approach channel 
and Cristobal Harbor would be deepened to elevation —55 feet. The 
Pacific approach channel and Balboa Harbor would be deepened to 
elevation —60 feet. 

As in plan II, Third Locks Canal, the La Pita Cutoff, and Empire 


Cutoff alternative channel alinements are included as options. 
(c) Locks 
The new locks at Gatun and Miraflores would be 200 feet wide by 


1,500 feet long by 50 feet deep and would be constructed in 3 lifts im 
the existing excavations for the third locks. 


(d) Summit lakes 


With the elimination of Pedro Miguel locks, Miraflores Lake would 
be raised to the same elevation as Gatun Lake. 
(e) Water supply 
_ Under this plan, the water supply is augmented by channel deepen- 
ing, and the addition of Miraflores Lake watershed to that of Gatun 
Lake. Assuming that most ships will normally use the present smaller 
locks, the water supply is considered adequate to meet the require- 
ments of navigation and municipal supply through the year 2000, but 
is not adequate for hydroelectric power in the dry season. 


(f) Marine traffic control 


, aoe traffic control system would be modernized as in plans 
and IT. 


(9) Service life 


This plan, like plan II, Third Locks Canal, would provide a canal 


= would serve the estimated needs of commerce beyond the year 


(h) Construction time and cost 


The estimated construction time for pian III is 12 years either for 
the basic plan or for the plan including either of the cutoffs: 

The estimated costs of plan III, Consolidated Third Locks Canal 
are: $1,020,920,006 * for the basic plan; $1,130,500,000 with La Pita 
Cutoff; and $1,247,500,000 with Empire Cutoff. The proposed con- 


COV—_—_— 


" Cost estimates by Parsons, Brinckerhoff, Hall & Macdonald, 1989. See app. 3, p. 319 
" Estimate by Parsons, Brinckerhoff, Hall & Macdonald. See app. 3, p. 2 
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struction schedule for this projeet would require an average annual 


expenditure of $102 million and a probable maximum expenditure of 
$190 million. 


E. PLAN IV. ZONE SEA-LEVEL CANAL ($2,868,500,000) 
(SEE APP. 8, FIG. 15) 


This plan follows that proposed in 1947 to the Panama Canal 
Company. It has not been formally adopted by the Company. 


(a) Principal features 


The proposed Panama Sea-Level Canal would follow generally the 
alinement of the existing Panama Lock Danal in the regions of deepest 
cut across the Continental Divide. .The highest point on the center- 
line would be at Contractor’s Hill, elevation 410. Elsewhere the 
alinement takes advantage of the most suitable terrain in meeting the 
improved standards of curvature. The total length would be reduced 
from 51.2 miles in the present canal to 46 miles in the proposed sea-level 
canal. Flood-control structures would be constructed to intercept, 
See and divert flows of all streams tributary to the canal. No 
tidal control structures would be included in the initial project, such 
as were included in the plan proposed in the 1947 studies. Such 
> foal could be built tea if experience demonstrated a need for 
them. 

(6b) Route 


The channel would be 60 feet deep and 600 feet bottom width; the 
channel sides would, according to the 1947 report, be made stable by 
suitable flattening of the slopes. Flattening in the Cucaracha forma- 
tion, scene of the Culebra slides, is in some places.to\ be as much 
as 1 vertical on 9 horizontal. Minor shortening of the alinement 
of the canal in the 1959 estimates, as compared with 1947 estimates, 
reduces the total volume of excavation of 1,019,743,223 cubic yards 
or 4.5 percent below the estimated volume of 1947. 

(ce) Geology 


Geological conditions affecting excavation and, stability of channel 
slopes. and embankments for flood control would be similar to those 
encountered in the present high-level canal. (See app. 4.) 

(d) Construction methods 


The depth of excavation to elevation —60 feet from Gatun Lake 
level of elevation 85 feet would require methods and conditions of 
operation unique in engineering construction. The methods of 
excavation proposed in the 1947 studies have been, to a large extent, 
abandoned or modified in favor of newer and more efficient methods. 
The originally designed side slopes have been retained in the estimates. 
(See app. 8.) 

(e) Changeover 


The changeover from the present canal would be accomplished, it is 
poner by draining Gatun Lake, except for pools behind the 

ood-control dams, in 11 days with interruption to ship traffic of 7 
days, as shown on figure 96, appendix 9, “Isthmian Canal Studies, 
1947”. (See app. 9, this report.) Details of this unprecedented 
method of conversion to sea level * are described in appendix 9 of this 
report. The present lock canal would be completely abandoned except 


13 The Board of Consultants is not convinced that this is a feasible method of construction. 
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for portions of the present channel which would coincide with the 
alinement of the sea-level canal. Many of the present Panama Canal 
facilities would have no function in the reduced support requirements 
of the sea-level canal. 


(f) Capacity 

The capacity of the proposed sea-level canal would be sufficient, to 
handle the largest ships and enable traffic to move in both directions 
without interruptions, except where passage through the tidal lock is 
necessary, and where fogs and other adverse weather conditions such 
as tropical downpours and floods are encountered. 


(g) Tidal regulation 


The Pacific tidal range is approximately 10 times the Atlantic tidal 
range, which would at times cause currents in the channel up to 4.5 
knots in a sea-level canal without tidal-regulating structures. This 
flow, combined with currents caused by flood and intermingling of 
fresh and salt water, would produce currents up to 7 knots in certain 
places, such as below Gamboa. Tidal-control structures were not 
included in the design, but might be needed. 


(h) Service life 


Maintenance on a sea-level canal consists chiefly of dredging to 
maintain the channel depth and width. Unless a tidal-regulating 
structure is included, there would be no structure or installed equip- 
ment subject to deterioration. 


(1) Construction time and cost 


The estimated time for plan IV, Zone Sea-Level Canal is 12 years. 
The estimated cost is $2,368,500,000.1* without tidal regulating struc- 
tures, and $2,537 million with such struetures. The Daanana Canal 
Company has reduced the cost estimate for the sea-level canal without 
tidal-regulating struetures to $2,286.9 million by eliminating certain 
supporting facilities which they consider to be unnecessary. 

Comparison of cost estimates for the Sea-Level Canal in the 1947 
studies and the updating to 1959 is given on page 41 of this report. 


VII. Orner Routes INVESTIGATED 
A. NICARAGUA CANAL 


_ Seven Nicaragua routes were investigated in the “Isthmian Canal 
Studies, 1947.’’ (See fig. 5.) The seven routes have a common aline- 
ment from the Atlantic Ocean through the valleys of the Deseado and 
San Juan Rivers to Lake Nicaragua. The Greytown-Fonseca Bay, 
Gieyiown-Realejo, and Greytown-Tamarindo routes then turn north 
across Lake Nicaragua and follow a common course to Lake Managua, 
where they separate to cross the Continental Divide and reach the 
Pacifie Ocean at different points. The Greytown-Brito, Greytown- 
San Juan del Sur, and Greytown-Salinas Bay routes cross Lake 

icaragua near its southern end, and then follow different alimements 
across the divide to the Pacific Ocean. The seventh route, an alterna- 
tive Greytown-Salinas Bay route, is a minor variation of the other 
route of the same name. It skirts the south shore of Lake Nicaragua 


to avoid crossing the lake and was investigated only as a possible route 
for a sea-level canal. 


Cost estimates by Parsons, Brinckerhoff, Hall & Macdonald, 1959. See app. 3, p. 319. 
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(a) Greytown-Brito route 

Comparison of the physical characteristics of the seven Nic 
routes has shown conclusively that the construction cost of a lock canal 
on the Greytown-Brito route, which takes advantage of the pass 
through the divide at elevation 153, would be less than on any other 


route in this group, principally because of its lower and more favorable 
ground profile. 


(b) Sea-level canal 


The construction of a sea-level canal on any alinement that would 
involve the drainage of Lake Nicaragua or Lake Managua would 
seriously affect the economy of Nacaragua. Aside from this fact, the 
excavation required for a sea-level canal on any, alinement through 
the lakes would be excessive. The Greytown-Salinas Bay routes, 
skirting the south shore of Lake Nicaragua, would not entai! the loss 
of Lake Nicaragua but because ofits higher ground profile would 
require vastly more excavation than any, other route investigated in 
Nicaragua, and would be prohibitively expensive. A sea-level canal 
in Nicaragua therefore has been eliminated from consideration because 
of the existence elsewhere of more favorable and less costly routes. 
(c) Nicaragua Lock Canal ($4,095 million) 

(1) Principal features (fig. 6).—The Nicaragua Lock Canal would 
terminate on the Pacific coast at Brito. From Brito to Miramar lock, 
a distance of 4.4 miles, the canal would be at sea level. At, Miramar 
two parallel one-lane, two-lift locks raise the canal to summit level, 
which would be regulated between the limits of 105 and 110 feet 
above sea level. Lake-level navigation would be continuous from 
these locks, across Lake Nicaragua and along the canalized San Juan 
River to a point immediately above Conchuda. Thence the canal, 
still at summit level, would leave the river and continue through the 
Conchuda hills to the East Divide and thence through the East 
Divide locks. The length of the summit level seetion would be 150.6 
miles. The East Divide locks;:two parallel, one-lane, two-lift struc- 
tures, would lower vessels to sea level, From the locks to deep water 
in the Caribbean Sea, the channel would be 15 miles iong and would 
follow generally the valley of the’ Deseado River. The total length 
of the canal would be 173 miles. 

— channel would have a minimum depth of 55 feet and a width of 
500 feet. 

The lock chambers would be 200 feet wide and 1,500 feet long with 
50-foot depth over sills. Two of these one-lane, two-lift locks would 
be located at Miramar and two at the East Divide. 

Lake Nicaragua is about 100 miles long and 45 miles wide, and its 
water surface is copeesneiy 105 feet above mean sea level. The 
combined factors of large drainage area for the summit lake together 
with moderate to heavy rainfall make the possibility of water shortage 
remote. 

The summit lake would be retained and regulated by the Conchuda 
Dam and spillway. The Conchuda Dam would be ‘constructed of 
earth and reck and would block the San Juan River at a location 
where relatively high and stable banks favor construction. A apiiaee 
channel would be cut in such a way as to bypass the dam and the flow 
through this channel would be controlled by a regulating structure. 
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The chief purpose of this spillway would be to permit floodwaters to 
escape to sea. 

The eology of the route is not known in the detail it is at Panama. 

(2) Service life-—This plan would provide a canal which would 
serve the estimated needs of commerce to the year 2000. 

(3) Construction time and cost.—The estimated construction time 
for this plan is 12 years; the estimated cost, $4,095 million."* The 
proposed construction schedule would require an average annual ex- 
penditure of $410 million and a probable maximum annual expenditure 
of $765 million. 


B. ALTERNATIVE ROUTES IN, PANAMA 


Eleven routes in Panama were reported upon in the ‘Isthmian 
Canal Studies, 1947.” These reports were read by this Board. 
The routes are shown on figure 7. 

No. 9—Chiriqui, which lies near the Costa Rican boundary at a 
location where the width of the isthmus is about 40 miles; 

No. 10—Chorrera-Lagarto, No. 11—Chorrera-Limon Bay, No. 12— 
Chorrera-Gatun, No. 13—Panama parallel, No. 14—Panama sea- 
level conversion, and No. 15—Panama Canal (route of present lock 
canal), which are located in or adjacent to the Canal Zone, and are 
shown on figure 7. In this area the least width of the isthmus between 
Limon Bay and the Gulf of Panama is about 35 miles. The Atlantic 
slope is drained by the Chagres River and its former tributary, the 
Trinidad River. The Pacific slope is drained by several minor streams, 
two of which are the Rio Grande entering the Bay of Panama through 
Balboa Harbor and the Caimito River entering Chorrera Bay about 
20 miles west of Balboa Harbor. 

No. 16—San Blas is located in Panama approximately 45 miles 
east of the Panama Canal, where the American Isthmus diminishes 
to its narrowest width, about 30 miles. (See figure 5.) The Atlantic 
terminus of this possible route would be in the Gulf of San Blas and 
i Pacific terminus in the tidal flats at the mouth of the Chepo 

iver. 

No. 17—Sasardi-Morti, No. 18—Aglaseniqua-Asnati, and No. 19— 
Caledonia-Sucubti, the Caledonia Bay routes, are located about 110 
miles east of the Panama Canal in the Republic of Panama not far from 
the Colombian border. (See figure 5.) All three routes have their 
Pacific origins in San Miguel Bay and their Atlantic origins in the 


harbor of Caledonia Bay. The isthmus between the two bays is 
about 40 miles wide. 


C. ROUTES IN PANAMA AND COLOMBIA 


The following routes, known as the Tuyra River routes, were re- 
ported upon in the ‘‘Isthmian Canal Studies, 1947.’ These reports 
were read by this Board. (See figure 5.) 

No. 20—Tupisa-Tiati-Acanti, No. 21—Arquia-Paya-Tuyra, No. 
22—Tanela-Pucro-Tuyra; No. 23—Atrato-Cacarica-Tuyra; and No. 


24—-Atrato-Peranchita-Tuyra, lie partly in Panama and partly in 
Colombia. 


'S Cost estimate by Parsons, Brinckerhoff, Hall & Macdonald, 1959. See app. 3, p. 319. 
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D. ALTERNATIVE ROUTES IN COLOMBIA 


Six routes in Colombia were reported upon in the “Isthmian Canal 
Studies, 1947.’ A further study is contained in a “Special Report of 
the Governor of the Panama Canal on the Atrato-Truando Canal 
Route, 1949.”’ These reports were read by this Board. The routes, 
known as the Atrato River routes, are shown on figure 5: No. 25— 
Atrato-Truando, No. 26—Atrato-Napipi, No. 27—Atrato-Napipi- 
Doguado, No. 23—Atrato-Bojaya, No. 29—Atrato-Buado, and No, 
30—Atrato-San Juan. The Atrato River routes follow the Atrato 
River in the northwestern part of Colombia and have a common 
alinement at the Atlantic end. The valley of the Atrato River is 
50 to 125 miles wide and has an area of about 15,600 square miles, 
most of which is an alluvial flood plain that ends in a large delta ex- 
tending into the Gulf of Darien. The valley is bounded on the west 
and on the south by the Continental Divide, which skirts the Pacific 
coast until it turns east to separate the headwaters of the Atrato River 
from those of the smaller Baudo and San Juan Rivers. The Truando, 
Napipi, and Bojaya Rivers, three principal tributaries of the Atrato 
with headwaters in the divide near the Pacific, are the natural corri- 
dors for canals from the Atrato westward through the divide. 

These six routes in Colombia should, the Board believes, be given 
further consideration. 


VIL. Operatinc Costs or Proposep PLANs 
A. BASIC ASSUMPTIONS 


Estimates of operating cost of various plans for improvement of 
the canal, or for new canals, are based upon the following assumptions: 

1. The dollar value is held at the 1959 level. 

2. Revenue estimates are based on the traffic forecast of the 
Stanford Research Institute to the vear 2000. 

3. Inereases in unit operating and maintenance costs would be 
offset by increases in toll rates. 

4. Operating and maintenance costs are assumed to increuse 
in proportion to increase in traffic. 

5. Two interest rates are considered onthe invested capital: 
2.555 percent charged by the Treasury in 1959, and 3.5 percent 
which the Board of Consultants deems more realistic as applying 
to 1980 and 2000. 

6. Depreciation is that estimated by the Panama Canal 
Company for each project. 

7. No amortization 1s included. 

8. No treaty or right-of-way costs are included. 

9. The interest cost on each new construction includes interest 
on the capital presently invested in the canal, plus interest on 
the capital invested in the new project. 


j 
: 
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B, PANS CONSIDERED 


The various plans considered here are listed below: 
Plan I. Interim improvement to present canal. 
Plan II. Third Locks Canal project. 

Plan III. Consolidated Third Locks Canal project. 
Plan IV. Zone Sea-Level Canal. 
Nicaragua Lock Canal. 

To these plans is added a hypothetical sea-level canal, whose 
cost would be $1.25 billion, the location of which is unspecified. It is 
added to determine the economics of such a project, assuming methods 
could be developed to build it for that sum. 


C. DETERMINATION OF OPERATING REVENUE 


The revenue for fiscal year 1959 was $50.2 million. With the 
estimated transits for 1980 and 2000 above those of 1959 by 29.8 
and 58.1 percent, respectively, the proportionate estimated revenue 
would be $65.2 and $79.4 million, respectivély. 


D. OPERATION AND MAINTENANCE 


On the same proportionate basis, operation and maintenance costs 


are estimated to be— 
{Millions of dollars] 





Pegs camel. trove. ug -d<teranede <> shacnerp+s>dqaedBantecea 1 32. 
DN... settee obcebteetnn+> carnnailn~<inatieetibee Cle 33. 
Consolidated Third Locks Canal. __. 32 
ees Cn... ot. es eckbhh cabantedesuhatooeubbase 5. 
ua tels Gantt a. ka S---eas 37. 
A new sea-level canal, at $1.25 billioa____.......__--- i deen tials 5. 
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' Actual. 
E. INTEREST CHARGES AT VARIOUS RATES 


The Company was charged interest at 2.555 percent on invested 
cypital in 1959. The investment market has risen above this level, 
and the Board of Consultants is of the opinion that a higher rate— 

ossibly 3.5 pereent—would be more appropriate for estimates of 
uture funding. The following table gives the annual interest charge 
at various rates for the projects being studied: 


Annual interest in millions dollars 





Rate of interest 


3 3.5 4 


Total 
principal 











Millions | Percent | Percent ita Percent 
9. 11. 13. 3 . 


Present canal, improved...._._... 3 15 

Third Locks Canal 7 Pee My! 1 ae ee os 1,110 28. 33.0 38. 44.4 
Consolidated Third Locks Canals. 1, 398 35.7 41.9 48.9 55. 9 
Zone Sea-Level Canal Pee iwate ts’ od bed 2, 664 68.0 79.9 93. 2 106. 6 
Nicaragua Lock Canal... =... 4, 472 114.3 134.2 156. 5 178.9 
A new sea-level canal, at $1.25 billion. 1, 627 41.6 48.8 56.9 65.1 


ee) te it 
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F. ESTIMATED ANNUAL EA®NINGS OP. DEFICITS, AND ANNUAL SUBSIDY 


The following table shows the estimated annual required subsidy, 
if any, for the years 1980 and 2000, for the various plans, with interest 
computed at 2.555 percent. No amortization is included. All figures 
are in million dollars. 

{Millions of dollars} 





1980 2000 


es 


Total Annual | Annual Total Annual | A 
annual | revenue | subsidy | annual | revenue | su 





cost ! required cost required 
Present canal, improved_.._.............. 57.5 65. 2 27.7 66.6 79.4 212.8 
Third Locks Canal --_-._.-....-.......-... 85.5 65.2 20.3 95.0 79.4 15.6 
Consolidated Third Locks Canal__..._... 95. 7 65.2 30.5 104. 8 79.4 25.4 
Zone Sea-Level Canal. ._...._. wie 7.4 65.2 12.4 78.9 79.4 2. 
Nicaragua Lock Canal.........__.._..._.. 216.3 65. 2 151.1 226. 5 79. 4 147.1 
A new sea-level canal, at $1.25 billion... .. 61.2 65.2 214.0 52,7 79.4 2 16.8 





! Total annual cost includes interest, operating and maintenance costs, and depreciation. 
? Surplus of revenues over expenses and charges. 


The following table shows the estimated total annual cost and 
revenues for the years 1980 and 2000, with interest computed at 3.5 


percent. No amortization is included. All figures are in millions of 
dollars. 
{Millions of dollars} 





| 1980 2000 








Total Annual | Annual | Total Annual | Annual 
annual | revenue | subsidy | annual | revenue | subsidy 





cost ! required cost required 
Present canal, improved.._.__.._.___. 61.1 65. 2 24.1 70. 2 79.4 79.2 
Third Locks Canal -_...........--...... ; 96.0 65.2 30.8 105. 5 79.4 26.1 
Consolidated Third Locks Canal -__-....__. 108. 9 65. 2 43.7 118.0 79.4 38.6 
Zone Sea-Level Canal__...._...._..-. 102. 8 65.2 37.6 104.3 79.4 24.9 
Nicaragua Lock Camal..............._..-. 258. 5 65. 2 193. 3 269. 0 79.4 189. 6 
A new sea-level canal, at $1.25 billion 66.5 65. 2 1.3 68.0 79.4 211.4 


' Total annual cost includes interest, operating and maintenance costs, and depréciation. 
* Surplus of revenues over expenses and charges. 


G. EFFECT OF INCREASE IN TOLLS ON ECONOMICS OF PROJECTS 


It is clear from the foregoing.tables that at present, toll rates (except 
for adjustments to meet increased operating costs), and at 3.5 percent 
interest on the capital invested, the present canal in its improved state, 
or a new sea-level canal costing no more than about $1.25 billion; 
could be carried by revenues by 1980. By the year 2000, the Zone 
Sea-Level Canal, if it could be built for $2.287 billion, could be carried 
by revenues, if the interest rate were only 2.555 percent. 

If major construction is undertaken for completion in 1980, the 
effect of increases in toll rates on the amount of subsidy required is 
set forth in the following table. The present canal with improve- 
ments underway requires no rate increase for carrying charges unless 
amortization is undertaken. The Third Locks. project. (plan II) 
would require a 50 percent increase in tolls and the Consolidated 
Third Locks project (plan III), 75 percent increase. 


: 
; 
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Effect of toll rate increase on annual subsidy required in the year 1980 


[These increases are over and above those made to offset increase in operation and maintenance costs. 
Interest at 3.5 percent] 








{Millions of dollars] 
Ns WI. 0 crear edo -naiee=b--erepdes None 25 percent | 50 percent | 75 percent | 100 percent 
Present canal, improved... ............--.. 14,1 120.4 1 36.7 1 53.0 1 69.3 
Third Locks Camal-__............--...--..- 30.8 14.5 11.8 118.1 134.4 
Consolidated Third Locks Canal. ....-..-- 43.7 27.4 11.1 1§.2 121.5 
Zone Sea-Level Canal. --..........--...-.-- 37.6 21.3 5.0 111.3 127.6 
Niearagua Lock Camal...........--..-.---- 193.3 177.0 160.7 144.4 128.1 
A new sea-level canal, at $1.25 billion.__--. 1.3 116.0 131.3 1 47.6 1 63.9 





! Surplus of revenues over expenses and charges. 


While the Zone Sea-Level Canal project at $2.287 billion could be 
carried in 1980 with a 75 percent increase in tolls, a sea-level canal that 
could be built for $1.25 billion would nearly carry itself in 1980 with- 
out rate increase, unless amortization is included. 

If major construction were completed prior to the year 2000, the 
effect of toll rate increases on subsidies required in that year on the 
various projects is shown in the following table. By that date either 
of the two Third Locks projects or the Zone Sea-Level Canal could, 
with a 50 percent toll rate increase, be carried without amortization 
charges. 


Effect of toll rate increases. on annual subsidy required in the year 2°CO 
{Millions of dollars] 





Wats Mieredne! 6 555i). basse Lh As None 25 percent | 50 percent | 75 percent | 100 percent 
Present canal, improved... .....-~.--.-.---- 19.2 129.1 1 48.9 ' 68.8 | 88.6 
Bee SOE COTINE es «tenn ten aneske- 26.1 6.2 1 18.6 1 33.5 ! §3.3 
Consolidated Third Locks Canal----_---.- 38.6 18.7 ‘hl ' 21.0 1 40.8 
Zone Sea-Level Canal. ........-.--.------- 24.9 5.0 114.8 1 34.7 1 54.5 
Nicaragua Lock Canal... -:-.-.-.-------- 189. 6 169.7 149.9 130.0 110.2 
A new sea-level canal, at $1,250,000,000_... _. 68.0 131.3 451.1 171.0 190.8 


' Surplus of revenues over expenses and charges. 


These last two tables indicate that a lock canal in Nicaragua is too 
gol to be carried by reasonable tolls on the traffic likely to the year 
0. 


1X. Discussion or Various PLANS 
A. SHORT-RANGE IMPROVEMENT PROGRAM (COST $19 MILLION) 


The short-range improvement program now in progress will (1) com- 
plete the widening of about one-half (4 miles) of Gaillard cut, from the 
Continental Divide to Pedro Miguel, to a bottom widt’ of 5C0 feet, 
and deepening of the widened 200-foot reaches, now und>r contract, 
from elevation 40 to elevation 35 (see app. 2, exhibit No. 3); (2) install 
lighting in Gaillard cut and at all the locks; (3) replace all electric 
towing locomotives at the locks with improved locomotives; and (4) 
develop new methods of lock overhaul to reduce outage time. 
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B. PLAN I. INTERIM IMPROVEMENT TO PRESENT CANAL 
(COST $61 MILLION) 


This would (1) complete the widening of the entire length of Gaillard 
cut to 500-foot bottom width and deepening to elevation 35; (2) com- 
plete the deepening of the channel in Gatun Lake to elevation 35; 
(3) complete the investigation of improved methods of lock overhaul; 
(4) reconstruct the south approach wall of Gatun locks to its original 
elevation; (5) install an improved marine traffic control system. 

The completion of the short-range program is scheduled for 1962. 
It will increase the present capacity to 36 lockages per day, with single- 
lane operation only, or about 76 lockages per day for two-lane opera- 
tion, if sufficient locomotives and crews are fone ms to permit relay 
lockages. This would be sufficient to meet the peak demands of 41 
lockages per day in 1976, and 54 lockages per day in 2000. (See p. 24.) 

The completion of this interim improvement program is scheduled 
over a 10-year period so as to obtain the greatest economy through the 
use of Company dredging equipment. This program will permit a 
slight relaxation of draft restriction in the cut, and will permit passage 
in both directions at night, except during adverse weather conditions. 
The increased depth of the channel in the cut and lake will also increase 
the water supply for lockages sufficient to meet the traffic estimated 
for the year 2000 and coats a safe navigable depth in the cut for 
vessels of about 38-foot draft (present limit 37 feet); this is the maxi- 
mum that can be permitted with present. loek dimensions. 

It is estimated by the Company that the outage time for overhaul 
of miter gates for one lane at one La location can be reduced from 6 
to 2 weeks. The Board of Consultants urges further improvements 
in overhaul techniques to reduce time to 48 hours, or less, per gate. 

It should be noted that supercargo ships now building were star e| 
with the knowledge they would not pass through the Panama C: al 

The Board of Consultants believe this plan should not only be i. sti- 
tuted, but accelerated. 


C. PLAN II. THIRD LOCKS CANAL (COST $733,100,000) 


This plan is essentially the carrying out of the Third Locks plan 
begun before World War II and discontinued after Pearl Harbor, after 
excavations had been completed for the sites at Gatun and Miraflores. 
In addition, it would include the work under plan I. 

The increased usable water supply in Gatun Lake available by the 
deepening of the channel is considered adequate to the year 2000, pro- 
vided that under normal conditions only large vessels (larger than 
800 by 102 by 37 feet) will use the large [beks. : 

In essence, plan II would require the expenditure of $672 mil! on 
to provide for some * but not all specialized supercargo ships. It 
would increase, also, the dependable capacity of the canal to .hat 
needed well beyond the year 2000. 


D. PLAN III. CONSOLIDATED THIRD LOCKS CANAL (COST $1,020, 900,000) 
Under this plan, sometimes called the Third Locks-Terminal Lake 
plan, it is proposed to deepen and widen the channel, construct a new 


16 In 1958 there were 26 commercial ships now afloat or under construction, with beams in excess of the 
present limit of 102 feet; and 286 additional ships that can transit the canal only with reduced loading. 
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large lock at Gatun and Miraflores, add another level to the existin 
Miraflores locks, raise Miraflores Lake to the level of Gatun Lake, an 
abandon existing Pedro Miguel locks. 

Plan III is aimed at improving navigation at Pedro Miguel through 
providing an anchorage in the summit level at the Pacific side. It 
also differs from plan IT by providing larger locks, 1,500 by 200 by 55 
feet, and a deeper channel of 55 feet. 

Under this plan, the capacity of the canal—in both size and number 
of vessels that could be accommodated—would be increased to meet 
traffic demands to we!l beyond the year 2000. 

As a long-range program, the high cost of operation would put off 
into the indefinite future the possibility of amortization of its first 
cost, without increase in toll rates. (See p. 37.) 


E. PLAN IV. ZONE SEA-LEVEL CANAL (COST $2,368,500,000) 


This plan would follow generally the alinement of the existin 
Panama Canal in the region of deepest cut across the Continenta 
Divide. Elsewhere it would take advantage of suitable terrain in 
making improved standards of curvature and would reduce the total 
length from the 51.2 miles of the present canal to 46 miles for the 
sea-level canal. A channel 600 feet wide and 60 feet deep, with neces- 
sary parallel channels and reservoirs to divert floodwaters, would be 
provided. No tidal-control structures would be included in the initial 
project. Gatun Lake would be drained and the present lock canal 
completely abandoned except for portions of the present channel which 
would coincide with the alinement of the sea-level canal. 

It is proposed that the present Gatun Lake level of 85 feet would be 
converted to sea level, in an unprecedented way in 11 days, with 
interruption to ship traffic of 7 days: 

The sea-level canal was. recommended by the Governor of the 
Panama Canal Zone in 1947 as the best plan to meet the future needs 
of interoceanic commerce and national defense. The development of 
nuclear weapons has materially changed the relative vulnerability of 
a sea-level canal versus a lock canal. On the other hand, whereas a 
sea-level canal could now be closed by one single nuclear explosion, 
it is reasonable to believe that it could be reopened in the absence of 
further attacks in a comparatively shorter time, whereas the usefulness 
of a lock-tvpe canal would be destroyed until repairs could be made and 
the reservoirs were refilled. Certainly once the war was over; a sea- 
ee could be restored to usefulness much sooner than a lock 
canal. 

No further action on this recommendation for a sea-level canal has 
been taken to date: 

The estimated construction time of plan IV-Sea-Level Canal is 
12 years. The estimated cost is $2,368,500,000 without tidal-regulat- 
ing structures and $2,537 million with such structures. The com- 
parable estimated costs for the plan in 1947 were $2,261,400,000 
without tidal-regulating structures and $2,439 million with such 
structures. A-detailed comparison of cost estimates for the sea-level 
canal in the 1947 studies and 1959 is given on page 41 of this report. 
(See also app. 3.) 


57677 O—60——_4 
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A sea-level canal constructed in the Canal Zone is, in our opinion 
feasible from an engineering standpoint. However, the plan pro 
in the 1947 report for building a sea-level canal (plan IV, above) 
involves much earthwork construction under water, in materials of 
questionable stability. When this construction is areas conver- 
sion from the present canal to the sea-level canal would be effected by 
drawing the water in the present canal, including Gatun Lake, down 
to sea level, a drop of 85 abe and removing plugs separating the two 
canals. It is estimated the drawdown will require about. 11 days. 
The Board of Consultants is not, convinced that there is not great 
risk that in such a procedure serious slides may develop, in which 
case no canal would be available for a long period of time. A study 
of the design of slopes of embankments proposed is not reassuring on 
this point. (See apps. 5 and 8.) 

One way to aon: possibility of loss of the canal for a long period 
would be to so construct the new canal that it may be put under 
the final head of water a section at a time, without abandoning the 
present canal in the process. If such a procedure is adopted, con- 
siderable additional excavation beyond that now ene will 
be required, necessitating the expenditure of perhaps half a billion 
to a billion dollars beyond the estimate here given; much engineering 
design work would have to be accomplished before this figure can be 
accurately determined. 

Constructing the Zone Sea-Level Canal would present many new 
and untried construction problems; unknown geologic conditions 
would be encountered; slides might develop in unstable materials 
such as Cucaracha and Atlantic muck; during and after the rapi 
conversion to sea level. More detailed discussion of these problems 
and how it was proposed to meet them are found in appendixes 4 
(geology), 5 (slides), and 8 (excavation slopes). 

A sea-level canal has the inherent: advantage of low operating cost. 
It should not be undertaken until traffic revenues will support carrying 


charges. After that time there would be a good possibility of amor- 
tizing the first cost. 


F. NICARAGUA LOCKS CANAL (COST $4,095 MILLION) 


This plan provides a lock canal with a total length of 173 miles 
across the American Isthmus, utilizing Lake Nicaragua at elevation 
110 feet above sea level, and providing two parallel one-lane, two-lift 
locks on the Pacific coast near Brito and on the Atlantic coast near 
Greytown. ; 

The estimated construction time is 12 years and the estimated cost 
$4,095 million.” The proposed canal would replace the Panama Canal 
or be an alternate for certain trade routes.. With present volume of 
traffic, it could not carry itself at tolls that ship operators could afford 
to pay. 

k sea-level canal in Nicaragua was eliminated from further con- 
sideration because it would involve the drainage of Lake Nicaragua 


and because of the excessive excavation required and the resultant 
eost. 


Estimate by Parsons, Brinckerhoff, Ifall & Macdonald, 1959. 
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G. COMPARISON OF COST ESTIMATES 


The following table shows the comparison between estimates made 
in 1947 and those made for the same projects in.1959.. It is interesting 
to note that improvements in methods and equipment have offset the 
increases that ose occurred. in the labor and commodity markets. 


Comparison of cost estimates 


{Billions of dollars} 
Estimate, | Estimate, 
1947 | 1959 

Lock canals 

,  . ccnwcsecccnsedevenber ncdvinbaseldibonesenctubabeanabnamees $3. 566 2 $4. 095 

DI. .ocnvnnnniatiinsdmemnrntiebennchenvtnenmameineaiehiieiiancie i ic nwncanbuie 

SL  cccdacsubinadeenahnrvsedé&incdbetenbaninalGnenbansaceengwunsGlioeten € Tee Dincksddonedn 
Sea-level canals: 

ND «a 0 co ccasswonnsucocsscengatht nian ndhcdbonibeanemmect 2. 483 1 2.287 

DE niin onenasentadondiinahadesasingntide aes eeaigundatmedniodaaivive dbl EE Dakaccudscade 

I aad se alam ih hemline cee li i a lalallala oa taal 

BE ckiahvscknedcckdde castdtedadtwdsnikn deel dimaditaaiiasilionsgiaeedthiognanien GID Peticsédieutes 


! Estimate by Panama Canal Company. 
? Estimate by Parsons, Brinckerhoff, Hall & Macdonald. 


Only the lowest estimate in each type of canal has been considered 
in the summarizing conclusions of this report. 

Nuclear means of construction have been suggested as offering a 
further material reduction in the cost of excavation of a sea-level 
canal. Not enough is known of the method to permit adequate 
cons and estimating of such a canal. The Board, however, 
elieves that the necessary research should be carried out to develop 
the full potential of the method. 


H. SUMMARY OF DISCUSSION OF PLANS 


All of the above plans, except plan I, which is only an interim 
solution, provide the dependable capacity to meet estimated transit 
requirements through the end of the century. None of these plans, 
except the sea-level canal, would accommodate the largest naval 
vessels and bulk carriers. 

Plan II would provide a channel and locks adequate to handle any 
commercial ship afloat in 1958, and in addition would provide for some 
of the super cargo ships. Plans III and IV, and the Nicaragua Lock 
Canal, would handle all commercial vessels now foreseeable. 

The width of any of the new sets of locks would not accommodate 
the modern aircraft carriers with canted decks. It is conceivable 
that a lock-type canal could be built to handle vessels of 100,000 to 
150,000 deadweight tons, but such vessels could cause tremendous 
handling problems in lockage operations and the cost would be 
excessive. 

The capacity of a sea-level canal would be practically unlimited. 
All ships afloat or foreseen could transit such a canal. Should ships 
of the future require greater draft, it could be provided by dredging a 
deeper channel. 

_ The Panama Canal Company is expected to be as nearly as prac- 
ticable self-supporting from tolls revenue and revenue from supporting 
services. Funds in excess of operating requirements are used by the 
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Company to finance the Company’s capital, program or to make 
capital repayments on the U.S. Government’s investment. 

At the present time the interest-bearing investment in the canal, 
charged to the Panama Canal Company, is $377 million. 

A sea-level canal is a much less costly canal to operate, once it is 
constructed, than a lock canal. The large staff necessary for operati 
the locks and for maintaining them is unnecessary with a sea-leve 
canal; for this reason a lock canal is more difficult to operate from tol] 


revenues than is a sea-level canal. For the same reason, the sea-level 
canal would be easier to amortize. 
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PREFACE 


In connection with its planning for facilities that will be needed in 
the future, the Panama Canal Company retained Stanford Research 
Institute to study the outlook for commercial freight traffic through 
the canal to the end of the present century. The study was begun in 
mid-1957, and the results are presented in a two-volume report dated 
March 1958. 

Volume I of the report contains the general analysis of canal traffic 
and methods for estimating future traffic, a summary of estimated 
future movements of the major commodities, the derivation of esti- 
mates of future movements of the minor commodities, and the analysis 
- — characteristics and estimated future transits of the Panama 

anal. 

Volume II contains reports on the outlook for future movements of 
11 major commodities and commodity groups that have accounted for 
about three-fourths of the cargo tonnage moving through the canal in 
recent years. These important commodities were analyzed in terms 
of their patterns of consumption and production in the world and the 
trade movements resulting from these patterns. The basic economic 
factors that will influence future production and consumption of 
these commodities were studied, can estimates of future movements 
through the canal were prepared. 

For convenience in analysis, the various ores and metals are dis- 
cussed in two groups in sections I and II, which cover the ferrous and 
nonferrous materials respectively. The Panama Canal commodity 
category iron and steel manufacturers is included in the discussion of 
ferrous ores and metals. 

With the exception indicated in section VII, the authors of the 
commodity studies are all members of the staff of the Division of 
Economics Research of Stanford Research Institute. 
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AN ANALYSIS OF FUTURE COMMERCIAL FREIGHT TRAFFIC 
THROUGH THE PANAMA CANAL 


Volume I 


SECTION I 
INTRODUCTION 


The Panama Canal Company is engaged in planning for the facili- 
ties that will be needed in the future at the Panama Canal to handle 
growing traffic. For this purpose the Company requires estimates of 
the number of vessel transits that the canal will be called upon to 
handle in the future. These transits will depend on the volume of 
cargo moved through the canal, and on the sizes of vessels carrying 
this cargo and the degree to which their capacity is effectively utilized. 

The Panama Canal Colnpaity retained Stanford Research Institute 
to study the outlook for commercial freight traffic to the end of the 
present century, to study trends in vessel characteristics, and to esti- 
mate the number of vessel transits associated with this traffic. The 
study was begun in mid-1957, and the results are presented in this 
report. 

Volume I contains the general analysis of canal traffic and methods 
for estimating future traffic, a summary of estimated future move- 
ments of the major commodities, the derivation of estimates of future 
movements of the minor commodities, and the analysis of vessel char- 
acteristics and estimated future transits. Volume II contains the 
studies of the major commodities moving through the canal, with 
estimates of their volume. 


METHOD OF APPROACH 


_ Commercial cargo vessel transits arise from the movement of goods 
in world trade. Canal traffic in past years was analyzed to determine 
changes that have occurred in cargo movements on the principal trade 
routes and in the tonnage of important commodities shipped through 
the canal. Major shifts in the relative importance of particular trade 
routes and particular commodities have occurred since 1930, and even 
the direction of heavier tonnage movement has recently reversed. To 
understand the reasons for these changes and to derive estimates for 
= future, detailed study of individual traffic components was under- 
aken, 

Two methods were used to analyze the components of Panama 
Canal traffic. First, 11 commodities and commodity groups—which 
account for about three-fourths of all cargo tonnage in recent years— 
were studied individually in terms of the demand and supply factors 
that determine the movements of these items. These are termed 
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Panama Canal major commodities. For some of these major com. 
modities, consideration of the pattern of production and consumption 
throughout the world was required to interpret shipments through 
the canal. 

Second, all other cargoes—termed Panama Canal minor commodi- 
ties—were studied as movements over particular trade routes and 
were related to the conditions that will affect trade on those. routes 
in the future. 

After preparing estimates of future tonnage movements for all 
Panama Canal major and minor commodities, three basic vessel types 
that will be used to carry these cargoes were studied to estimate the 
number of canal transits that will be required to move the estimated 
tonnages. Factors affecting vessel size and the utilization of vessel 
capacity were analyzed. 

Estimates of both cargo tonnages and canal transits were made for 
two target dates in the future—1975, which is taken to represent con- 
ditions likely to prevail in the mid-1970’s, and the year 2000, which 
represents conditions around the end of the century. Obviously, the 
possibility that events will be influenced by factors that cannot. now 
be foreseen increases rapidly as the more distant future is contem- 
plated. The estimates for the year 2000 should be viewed only as 
the approximate magnitudes that would be reached if developments 
continue in the general framework that can now be recognized or seen 
as emerging in the future. For estimating purposes, between the pres- 
ent and these target dates a regular annual average change is con- 
sidered to represent the trend around which annual variations due to 
particular short-run conditions will take place. 
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SECTION II 
SUMMARY AND CONCLUSIONS 
ESTIMATES OF FUTURE TONNAGE OF MAJOR COMMODITIES 


Eleven major commodities and commodity groups have accounted 
for about three-fourths of Panama Canal cargo tonnage in recent 
years. These items are discussed in detail in volume II. The 
estimated tonnage of each major commodity for 1975 and for the 
year 2000 is summarized in section VI of this volume, and is not 
repeated here. 

he estimated total tonnage for the 11 commodities in 1975 and 
2000 is given below, together with the average of actual shipments 
for the last 3 years. 





(Thousands of long tons} 
verage, 1975 2000 
1955-57 
piety Pails: : ... .-..- cede kth. oie naline- seen 14, 735 30, 970 52, 530 
ee RE Sh RR 4 ee 18, 399 26, 245 25, 575 
SOOM, 55. nnd Sécocw gall canes es le odlinetah delta 33, 134 57, 251 78, 105 





Nearly 80 percent of the total expected increase in tonnage of 
major commodities is accounted for by iron ore and-coal. An analysis 
of petroleum and petroleum products led to the conclusion that future 
tonnages of these items through the canal will be only moderately 
higher than those of recent years, in spite of the very large increase 
that will occur in total world petroleum shipments. 


ESTIMATES OF FUTURE TONNAGE OF MINOR COMMODITIES 


_ The future outlook for shipments of minor commodities is discussed 
in section VII in connection with the various trade routes through the 
canal. Expected future tonnages on the eight largest routes, covering 
85 percent of the minor commodity tonnage, are summarized in 
table V; the estimate for all other routes is also given. 

The estimated total tonnage for all minor commodities in 1975 and 
2000 is shown below, together with the average of actual shipments 


for the last 3 years. 
[Thousands of long tons] 





Atlantic to Pacific 
Pacific to Atlantic 
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No single route accounts for a very large proportion of these pro- 
jected increases. By 1975, the largest increases in Atlantic-to-Pacific 


tonnage of minor commodities is expected on routes from the United fle 
States and Europe to the west coast of South America and from Euro an 
to the west coast of the United States. In the latter part of the shi 
century, these routes will continue to be important in the growth, and ex 
tonnage from the east coast of the United States to Asia is expected to bu 
become more important. : 
From the Pacific to the Atlantic, the largest growth is projected on th 
the routes from Asia to the east coast of the United States and from the to 
west coast of the United States to Europe. us 
al 
ESTIMATES OF FUTURE COMMERCIAL TRANSITS ¢ 
ch 
Transits by different. types of vessel will depend on the cargoes ca 
to be handled by each type. The estimated future tonnage of st 
peoroieam and petroleum pencucts is expected to move in tankers, 
ile small quantities will be carried in other vessels, chemicals y 
carried in tankers should approximately offset these quantities, , ow 
Iron ore is presently being carried through the canal by both ore 
carriers and general cargo ships. Owing to the large increase expected 
in iron ore shipments, general cargo vessels may well be able to increase p 
their total tonnage of ore, but most of the increased tonnage will move y 
in specialized ore carriers. In estimating future transits, it is assumed | | 
that 3 million tons of iron ore will move in general cargo ships in 7 
1975 and later years, as compared with about 2 million tons handled 
by such vessels recently. The large remaining iron ore tonnage is i 
expected to move in ore carriers. ( 
assenger ships have moved a steady volume of about 1,500,000 ( 
tons of cargo annually through the canal since World War II. They 9 
have been assumed to continue to handle this volume in the future. ; 
After allowing for the tonnage expected in tankers, ore carriers, ’ 
and passenger ships, all the other .cargo in the estimated future ‘ 
movements of major and minor commodities shown earlier remains to i 
be carried in general cargo vessels. This amounts to 55,650,000 long 
tons in 1975 and 75,730,000 at. the end of the century, making the ' 
general cargo category by far the largest. ( 
General cargo vessel transits 


The number of general cargo vessel transits that will be associated 
with the estimated future cargo tonnages will depend on the size of the 
vessels and the extent to which their capacity is utilized. Average 
cargo per laden transit since 1930 was analyzed in relation to average 
vessel capacity in Panama Canal net tons. Variations in this relation 
were found to be associated with the major changes in demand for 
shipping space in world trade. Since the last 3 years represent gen- 
coal prosperous conditions, which have also been assumed in the 
estimates of future traffic, the average load factor of these jyears was 
applied in estimating future transits. : 

he costs of building and operating general cargo vessels of various 
sizes show that large ships are much more economical for the underway 
portions of a voyage. This advantage is reduced by longer port tumes 
required for handling cargo and by the difficulty of obtaining cargo to 
utilize the large ship effectively at frequent intervals on a route. 
These factors put a practical limit on the size of general cargo vessels. 
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Changes in the average size of vessels in the general cargo ship 
fleets of the world and of nations that are major users of the canal were 
analyzed to determine trends in vessel size. Recent deliveries of new 
ships and ships under construction and on order were compared with 
existing fleets. Different nations have different average sizes of ships, 
but all show trends to larger sizes. 

Changes in the proportions of canal transits by ships of the nations 
that are major users were related to the sizes typical of these nations 
to explain recent changes in the average size of general cargo ships 
using the canal. These proportions will be more stable in the future 
and will allow the increasing sizes in individual fleets to have more 
effect on the overall average at the canal in the future. It was con- 
cluded that by 1975 the average size of general cargo vessels using the 
canal will increase about 10 percent and will thereafter be relatively 
stable. 

The proportion of general cargo transits made in ballast in past 
years was analyzed, but no clear relation to world shipping conditions 
was found. The average proportion of ballast transits since 1950 is 
12.1 percent, and this was assumed to be typical of the future also. 

Applying the foregoing conclusions on ship size, load factor, and 
proportion of ballast transits to the estimated available cargo tonnage 
yields an estimated 9,980 transits by general cargo vessels in 1975 and 
13,500 transits in the year 2000. 


Tanker transits 


The economies of using large-size tankers provide an incentive to 
use vessels up to the maximum size that can be handled in the Panama 
Canal, provided that volume of shipments and port conditions permit. 
On the route from Venezuela to the west coast of the United States, the 
35,000-ton tanker is expected to be typical by 1975. For all other 
westbound movements, the average tanker was projected at 15,000 
tons for 1975, with the average rising to 20,000 on the routes to the 
west coasts of Mexico, Central America, and South America by the 
end of the century. The heavy tonnage projected westbound was 
treated as controlling the number of tanker transits, with the ships 
returning both in ballast and with the cargoes projected to move 
eastbound. On this basis, 576 tanker transits are estimated for 1975 
and 504 for the year 2000. 


Ore carrier transits 


_ Ore carriers are similar to tankers in gaining economy as size is 
increased, at least up to the maximum that can be handled in the 
canal. For purposes of estimating future transits, 40,000 tons of 
cargo was taken as the maximum that can be handled. This is 
considerably larger than most of the ore carriers now using the canal, 
but a few of the very large ships are already appearing. If all the 

wth in ore tonnage hentied by these special carriers is in 40,000-ton 
ots by 1975, while quantities now moving continue in the 23,000- 
ton-average lots of the postwar period, the overall average would be 
32,000 tons per transit by 1975. Transits were projected on this 
basis, with the return voyage in ballast, yielding an estimate of 624 
transits by iron ore carriers by 1975. To estimate the number of 
transits by ore carriers for the year 2000, the average tonnage per 
transit was increased to 35,000, yielding 1,028 transits. 

57877—60-—_5 
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Summary of estimated future transits 


Passenger traffic was not analyzed in this research. However, in 
order to show an estimate of total commercial transits in a single 
figure, an allowance for passenger ships is included here. Passe 
ship transits have shown a very gradually rising trend in the postwar 
period. This trend was projected in a straight. line to derive these 
estimates. Since the number of transits involved is small, this should 
suffice for present purposes. 

A summary of the transit projections appears below, and the totals 
are shown in relation to transits since. 1925 in the accompanying 
figure. 





General cargo vessels 

Tankers._....... pedanianwedghionds ad ns eritin etic athatettiiditinine dp gran bee cpinienaanle 
ee M5 con Es podathaaesccagupdtaumsnecediepwacce ithgh eangaientiraiahae som ace acaeaele 
Passenger ships..i..........- 4b cess (Lia ieas- ORI 


Projected tanker transits are actually below those of recent years 
owing to the expected increase in average size and small growth in 
total petroleum tonnage. 
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SECTION III 


COMPOSITION OF PANAMA CANAL TRAFFIC—-MAJOR 
ROUTES AND COMMODITIES 


To determine the approach suitable for estimating the future volume 
of Panama Canal traffic, it is necessary to consider the general charac- 
teristics of the traffic, changes that have occurred in the past, and 
the factors responsible for the observed characteristics and changes. 
In this section the principal trade routes using the canal and the 
main commodities making up the cargo tonnage are indicated, and 
some of the major developments that have occurred since 1930 are 
described. 

The trade routes and commodities moving through the Panama 
Canal serve to show the role of the canal in world trade and the gen- 
eral economic basis of the traffic. Examination of these routes and 
commodities also indicates that important: changes have occurred in 
cargo tonnage on the various routes and in the relative importance 
of the principal commodities. 

The place of the canal in world trade and the changing structure 
of the traffic lead to further analysis in section [V and to the develop- 
ment of the methodology described in section V for making projections 
of future traffic volume. 


PRINCIPAL TRADE ROUTES IN PANAMA CANAL TRAFFIC 


Table I shows the 15 principal Panama Canal trade routes ranked 
according to the cargo tonnage carried on them. The routes are listed 
in the order of their fiseal 1957 tonnage, and rank orders for other 
years are also shown. It is significant to note that the first seven 
routes have been the same group for the entire period from 1930 to 
1957. There have been some substantial changes in rank order within 
this group, but there have been no newcomers to the top seven. In 
1930 these seven routes carried 88.1 percent of the total cargo tonnage 
transiting the canal. In 1939 their share was 82.9 percent. In 1950 
it was 75.1 percent, and in 1957 it was 74.5 percent. 


TaBLe I.—Major Panama Canal trade routes, ranked by cargo tonnage volume for 
selected fiscal years 





Trade route 1957 1956 1950 1949 1939 1930 


East coast United States-Asia_..................----.- i 
East coast United States-west coast South America. _- 
United States intercoastal.......__.......-.-..-.--... 
West coast South America-Europe 
West coast Canada-Europe 
Australasia-Europe........................-........ 
West coast United States-Europe......-..-......-.--. 
West coast United States-east coast South America... 
East coast United States-Australasia...............-.. 
Wert Indieb Ags. 00 ee ee 
West Indies-west coast South America................ 


East coast South America-w 
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' Not among the 15 most important routes. 
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The declining share of the first seven routes in total tonnage does 
not represent lack of growth, but, rather, is the result of faster relative 
yom on some of the smaller routes. The bottom portion of table 

shows that important changes in rank order have occurred in the 
routes occupying the 8th to 15th places. The composition of this 
group has also changed. The most significant growth has occurred 
on those routes carrying petroleum and its products from Venezuela 
and ‘the ‘refineries in the West Indies: ‘The large sugar movement 
from the West Indies to Japan has had a conspicuous effect in the 
ranking, as did the sudden increase in tonnage from Europe to Asia 
in 1957 associated with the closing of the Suez Canal. 

By far the most important changes in:tonnage volume occurred on 
three of the routes. Cargoes on the east coast United States-Asia 
route have increased 10 million tons in the past 10:years to make this 
by far the largest route, currently accounting for one-fourth of total 
canal tonnage. This growth is associated with reorientation of raw 
material sources for Japan since World War II. 

The next most striking change is that in the U.S. intercoastal trade, 
This route accounted: for more than 10 million tons in 1930. It 
declined during the 1930’s, was suspended entirely during World War 
II, and has never regained its prewar volume. From one-third of 
total canal tonnage in 1930, the intercoastal trade has dropped to less 
than one-tenth in 1957. 

The remaining route on which a great change'in tonnage has oc- 
curred is east coast United States-west coast South America: The 
heavy tonnage here is raw materials moving from South America to 
the United States. This was a major route in 1930. Movements 
nearly ceased in the depths of the depression in 1933 but recovered 
substantially before World War II. Since the war there has been 
steady growth as the United States looked increasingly abroad for 
materials, and new iron ore developments in recent years have accel- 
erated the increase in tonnage to a total well over 7 million tons in 
1957. 

Some very great pereentage changes have taken place on other 
routes as well, but they do not individually involve tonnages approach- 
ing the magnitudes just described: The details of changes on 20 
routes may be observed in table IT. 
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Trade route 





Atlantic to Pacific. _ 
Pacific to Atlantic. - 
Atlantic to Pacific. --... 
Pacific to Atlantic. - .--- 


Pacific to Atlantic. - 


Atlantic to Pacific. . 
Europe-Asia- - -..- 


Atlantic to Pacific... 


Pacific to Atlantic. _ _...-....-- 
East coast United States-w as 
South America... -..-..- yesej ae 


Atlantic to Pacific. .........-..-- 
Pacific to Atlantic......-.---..-- 
East coast South America-west 


South America... ___-- 


East coast United States-Asia_ 
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One further massive shift in Panama Canal tonnages should be 
mentioned. Until recently, canal traffic was characterized by a strong 
directional imbalance. Through the 1930’s tonnage from the Pacific 
to the Atlantic ran more than twice as great as movements from 
Atlantic to Pacific. This condition was substantially resumed after 
World War II until 1951. Beginning in 1951, tonnage from the 
Atlantic to the Pacific has grown very rapidly, and in 1957 it exceeded 
that from Pacific to Atlantic for the first time. Since 1950, the west- 
bound movements have increased 16 million tons, while those in the 
opposite direction have grown only 5 million tons. 

he major component of this recent increase in westbound tonnage, 
of course, is the heavy flow of raw materials from the United States 
toJapan. Of the 11 million tons by which westbound growth exceeded 
eastbound growth since 1950, the east coast United States-Asia route 
accounted for 8.3 million tons. The other main contributors were 
etroleum and petroleum products from Venezuela and the West 
indies to Pacific destinations and sugar from the West Indies to 
Japan. 
he foregoing changes in the importance of trade routes and direc- 
tional movements show that the seemingly regular growth which has 
occurred in total Panama Canal traffic did not come from — 
growth in all componenis of the traffie but, rather, is the net result of, 
numerous large and sometimes offsetting changes arising from different 
and special circumstances. Similar effects can be seen in the 
commodity composition of the traffic. 


PRINCIPAL COMMODITIES IN PANAMA CANAL TRAFFIC 


In addition to the geographical orientation of traffic, movements 
through the canal may be described in terms of the particular com- 
modities that make up the major portion of cargo tonnage. Table IIT 
shows the principal tonnage items moving in each direction for selected 
years. The years 1929 and 1930 were the years of heaviest traffic 
from the opening of the canal to the great depression. The years 
1937 and 1938 show some recovery from the depression and were still 
not unduly influenced by preparations for war. The recent years 
show the commerce resulting from changes occurring in World War IT 
and from the very high levels of economic activity since the war. 

Some significant shifts in the relative importance of commodities 
are apparent. The rank order of importance of particular items varies 
somewhat between consecutive years in which world conditions were 
essentially similar, but these variations are much less striking than the 
changes that took place over the 28-year period covered by the table. 

From the Atlantic to the Pacific, the 10 largest commodities in 
1957 included only 5 of the commodities that were the 10 largest in 
1929. Of the 5 items dropping out of the first 10, sulfur, cotton, and 
tin plate increased in tonnage but not fast enough to hold their 
relative position, while the tonnage of cement and automobiles 
actually declined. 
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The newcomers to the 10 largest commodities moving from Atlantig 
to Pacific are sugar, soybeans, scrap metal, ores, and metals, which 
reflect the great demand of industrial Japan for raw materials and 
foods and the loss of her Asian sources of some of these materials jp 
World War II. The seventeenfold growth in coal tonnage stems from 
the same cause. However, industrialization does not necessarily 
increase the movements of all materials, as witnessed by the fate of 
cement in the Latin American countries, which produce more of their 
own requirements from local materials. 

The commodities moving in large volume from Pacific to Atlantic 
have been much more stable in composition. Nine of the top 19 
tonnage items in 1929 remained in the top 10 in 1957, with bananas 
repos dried fruit in the list. 

he total tonnage Pacific to Atlantic increased only about 20 percent 
over the period, but this apparent stability in composition and volume 
hides very significant changes among the individual commodities, 
The tonnage of petroleum declined 85 percent, dropping from Ist 
lace to 10th. Nitrate of soda lost two-thirds of its tonnage and went 
rom third to eighth place. The tonnage of ores quadrupled, making 
ores the No. 1 tonnage item in 1957. 

Considering combined commodity movements in both directions, 
it is significant to note that petroleum and its products are c 
moving in about the same volume as in 1929. But the direction of 
the movement is reversed. Similarly, sugar formerly moved almost 
entirely from Pacific to Atlantic but now goes in large volume in both 
directions. These changes and the behavior of other items are readily 
explained, and are discussed in the individual commodity studies n 
volume II and the trade route analyses in section VII. The growth 
in the total Atlantic to Pacific movement from a level about half 
that of the Pacific to Atlantic tonnage to a volume which exceeded 
the Pacific to Atlantic tonnage for the first time in 1957 was men- 
tioned earlier. These changes show the significant changes in the 
structure of trade that bave occurred in the past 28 years. These 
kinds of change in the composition of the traffic as the volume grows 
also indicate that overall growth has not been the result of orderly 
growth trends in the individual components of the traffic that would 
suggest stable, longrun relations between these components and 
economic growth in the world. They indicate that an understand 
of traffic developments can only be obtained through more detail 
study of individual place-to-place movements. This subject is devel- 
oped more fully in the discussion of methodology in section V 








SECTION IV 


PANAMA CANAL TRAFFIC AND WORLD ECONOMIC 
DEVELOPMENT 


COMMON BASIS OF MAJOR TRADE ROUTES 


From the discussion of trade routes and commodity movements 
through the canal in section III, it can be seen that the major com- 
nents of the traffic have a common economic basis that is useful in 
ecting further analysis. This common factor can be simply stated: 
the canal affords the shortest routes connecting certain advanced in- 
dustrial areas with sources of food and raw materials supply. This 
is the basis of nearly all the significant movements.. The United States 
is unique in the world in being both an advanced industrial area as well 
as a large supplier of raw materials, and hence it figures most promi- 
nently in canal traffic. 

Shortest distances and the exchange of raw materials for manufac- 
tures are not sufficient, however, to explain all ship movements and 
trade patterns involving the canal. Longer routes may be followed in 
order to load and discharge cargo at intermediate ports. Round-the- 
world services operate both eed and westbound, handling cargo 
at numerous ports en route. On such services a shipment may be 
carried farther than the shortest. possible routing would require in 
order to take advantage of convenient schedules or other special con- 
siderations. Evidence of these factors can be found in the origin and 
destination data for Panama Canal traffic and must be presumed to 
exist also on routes that do not pass through the canal. In other 
words, the canal does not offer the shortest route for some of the 
cargoes moving through it, and the canal will not handle all shipments 
for which it would be the shortest route. 

Similarly, it is obvious that there is traffic between areas that are 
primarily raw material producers trading with other areas that export 
mainly raw materials. Panama Canal traffic shows such movements 
between the east and west coasts of South America and between other 
relatively undeveloped areas. 

_ The foregoing factors appear only in cargo movements that are small 
in relation to the major movements passing through the canal. The 
heavy tonnage routes all reflect the kind of trading and distance situa- 
tions that have been described as basic. In considering the possibili- 
ties for future traffic through the canal, it is therefore appropriate to 
concentrate on the routes that have heavy tonnage at present and on 
those that represent future possibilities for shortest distance transfer 
tween industrial areas and materials sources. 

It is possible that important new industrial areas will develop in 
the present century and become significant in world trade. The major 
possibilities among areas not now contributing significantly to canal 
traffic are the U.S.S.R., India, and China. Brazil may also become 
important on this score by the end of the century. All these countries 
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are large and have a diversity of industrial raw materials. Degpitp 
these resources they could find, as the United States does, that ther 
are deficient in some necessary materials and that others can }y 
obtained more economically from specialized producers in other aregs 

When these areas of potential major industrialization and trade ap 
considered in relation to their: potential sources of oversea ray 
materials, the Panama Canal does not seem likely to be involved to any 
considerable extent. The only situations involving the canal would 
be east coast South AmericnsChins and west coast South Amerieg. 
U.SS.R. In the former, more active participation by China would 
probably be at the expense of Japan and would not be a great net 
addition to the present route to Asia. The United States and V Western 
Europe can probably absorb the full export potential of the west coast 
of South America, so that Russian participation would si:milarly not 
be a net addition to trade, The development of large new materiak 
sources ‘in Africa will not generate canal traffic, as this area has direct 
access to all the large industrial markets. 

There is, of course, substantial exchange of manufactured goods 
between the advanced industrial areas. There is a potential for mor 
of this kind of exchange on the east coast United States-Asia (Japan) 
route and possibly also on the west coast United States-Europe route, 
These routes presently are large in canal traffic, although the principal 
tonnage is raw materials and foods exported from the United States, 
and future developments are considered in the study. No additional 
important routes based on the exchange of manufactures are implied 
by the prospects for new industrial areas. 

Since future economic developments in the world:are not likely to 
bring important new trade routes through the Panama Canal, projec- 
tions of future traffic can’ be confined to the routes presently estab- 
lished, as indicated by canal traffic records. The possible emergence 
of China as a trading nation could have important bearing on canal 
traffic through its effects on the raw material supply problems of 
Japan. However, this does not introduce a new route for analysis, 
and it is discussed in connection with the present east coast United 
States-Asia route. 





















EFFECTS OF WORLD ECONOMIC DEVELOPMENT ON TRADE ROUTES 


The most remarkable and obvious economic phenomenon in the 
world at this time is the rapid rate at which the output of goods 
and services is increasing. The term economic development is now 
widely used to describe the processes by which these increases are 
brought about. Output is growing not only in the industrialized 
countries, but also, and more significantly, in underdeveloped areas 
that previously have had little growth and little change from tradi- 
tional patterns of activity. In the underdeveloped areas there ar 
now organized programs for increasing efficiency in traditional activ- 
ties and for introducing new activities, particularly manufacturing 
industry. 
Since Panama Canal traffic is largely the movement of raw materials 
in exchange for manufactured goods, it is directly involved m wor 
economic development. Growth obviously affects the raw maten 
needs of the industrial areas, and development of their own economies 
may affect the ability of supply areas to meet these needs. It ® 
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therefore necessary to inquire whether,there are discernible trends in 
trade commonly associated with economic development. 

It was beyond the scope of the present study to do new basic 
research in the broad field of economic. development. However, 
numerous scholars have studied aspects of the relation between indus- 
trialization and trade, and the literature of this field was reviewed to 
determine its applicability to the traffic forecasting problem. 

It is difficult to discuss world trade quantitatively in the simple 
terms Faupeaiee as the principal basis for Panama Canal traffic. The 
exports of a country are seldom entirely in manufactured goods or 
entirely in raw materials. The position of the United States as a 
major exporter in both categories has already been mentioned. The 
same mixed situation applies to other countries and to imports as 
well as exports. It is not possible, therefore, clearly to classify nations 
as “industrial,” implying that they export only manufactures and 
import only raw materials, nor to classify them as “primary pro- 
ducers,’ implying the reverse situation. A much more detailed 
analysis of trade statistics by commodity is required, and this is a 
laborious undertaking. 

Trade analysis for present purposes is further complicated by the 
keeping of most records in terms of money values. In canal traffic 
and related trade developments, the interest. is in cargo tonnage, rather 
than value, and the analyses in vaiue terms that are relevant for other 
economic studies frequently are inapplicable to cargo tonnage. In 
addition, records of individual country trade and studies that have 
been directed to international trade in the broad sense usually include 
overland movements as well as ocean trade and thus cannot be related 
directly to the canal problem Even ocean trade data must be used 
with caution, since the canal handles only a small part of the total 
tonnage of ocean freight, and that part. may not be representative 
of the whole in any particular respect. 

In a major review of economic development and trade prospects, 
Eugene Staley considered the experience of many countries and the 
previous oat of other analysts and reached the following general 
conclusions: ! 


1. External trade ordinarily increases with a rise in pro- 
duction and income brought about by economic development, 
but this increase in trade may be partially or wholly prevented 
by politicoeconomic factors such as national security con- 
siderations or world depression. 

2. Trade expansion depends on economic development 
that increases income, ‘Projects which merely enable a 
country to dispense with imports without raising the real 
income of the country tend to contract trade rather than 
to expand it * * *.” 

3. As the less developed areas become economically more 
advanced, there will be important shifts in the composition 
of trade, with countries specializing in particular kinds of 
manufactured goods and raw materials. A considerable in- 
crease in trade in “semimanufactures” is expected, and serv- 
ices will become more important in the total of international 
exchanges. 





1 Eugene Staley, “World Economic Development: Effects on Advanced Industria! Countries,” Inter- 
national Labour Office, Montreal, 1944, pp. 157-158. 
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The foregoing conclusions refer to trade as measured in value terms, 
but they have some implications for cargo tonnage as well. It can 
be seen from these conclusions, however, that growth in trade arisi 
from economic development depends on the existence of reasonable 
freedom of trade among countries and also on the success of the de- 
veloping areas in actually raising their real income as they change 

the pattern of their economies. 

Since World War II some progress in removing trade barriers has 
been made, and much of the growth in world trade that has occurred 
in the postwar period is undoubtedly due to this factor. What 
the future will bring in this respect is less clear. The most significant 
development appears to be a growing regionalism in trade; the 
formation of the European Common Market is a conspicuous ex- 
ample. France, Italy, Germany, Belgium, Netherlands, and Luxem- 
bourg have embarked on a program that will abolish trade barriers 
between them over a 12-year period and present a common tariff 
to the rest of the world. e overseas dependencies of these 
countries are also covered by the arrangements, which will make 
resources in Africa more accessible to the group. Discussions have 
been held concerning a possible free trade area that would include 
Great Britain and other countries as well. 

In recent years a much larger proportion of the foreign trade of 
the Latin American countries has been with the United States than 
was the case before World War II: The formation of an Asian 
group drawing on the industrial base of Japan and the raw materials 
resources of the other countries is also a possibility. It is the latter 
possibility that has the most implications for the Panama Canal, 
and it has been considered in the commodity and trade route studies 
in this report. 

Economic development has to a very considerable extent become 
identified with industrialization in the policies and programs of the 
less developed areas. That industrialization need not always lead 


to more trade has already been mentioned and is discussed in the 
following excerpt: 


In considering what effect industrialization is likely to 
have on the external trade of any given country, therefore, 
the first question one must ask is whether, and how much, 
industrialization is likely to affect national income. It is 
not merely a matter of the relative per capita productivities 
of industrial and nonindustrial occupations in the country 
* * * in the longer run one is bound also to take into account 
the very great effects which it may have, in favorable cases, 
on the possible expansion of population and the possibility, 
with total population at any given level, of maintaining 
and improving the average per capita output in primary 
occupations. One must ask, in fact, whether, the country 
is an Australia or an Argentina, in which industrialization 
would not greatly expand income, or, on the other hand, 
an overpopulated Japan, or an industrially well-endowed 
United States where it would strongly promote the expan- 
sion of purchasing power. One has then to ask whether the 
country concerned is one of limited resources which, like 
Japan, would have to draw the materials for its new industry 
largely from abroad, or a United States or a Soviet Union 
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with a great variety of resources to draw upon at home. 
Finally, one must ask how far the ae of the new 
industry are likely, on the one hand, to find their way 
abroad, like Japanese cotton goods and American cars, or, 
on the other, to be designed purely to supply the home 
market with goods which would otherwise be imported.? 


Some developments in the postwar period seem to indicate that there 
have been recent examples of industrialization that have not led to an 
increase in trade. A recent study reveals that trade between the 
industrial and nonindustrial areas of the world in 1956 was a smaller 
proportion of total world trade (in value terms) than before World 
War II and that the proportion has been declining since 1950.4 In 
seeking to account for this change, the study found that a large part 
of the decline is accounted for by the exports of eight semi-indus- 
trialized countries (Argentina, Brazil, Mexico, Australia, India, the 
Union of South Africa, Finland, and Yugoslavia, which account for 
about 80 percent of all manufacturing outside the industrial areas), 
The physical volume of primary products exported by these eight 
countries to industrial areas was 17 percent smaller in 1954-55 than 
before the war. Foodstuffs and raw materials contributed to the 
decline in similar proportions. 


It seems evident that the failure of the semi-industrial 
countries to keep their share in world trade, especially as 
regards their exports to industrial destinations, is due to the 
fact that their production of principal primary export 
commodities was not sufficient to meet domestic requirements 
and at the same time to maintain an adequate volume of ex- 
port supplies. Nor can there be any doubt that, given 
limited investment resources, this slow growth of primar 
production is closely connected with the rapid growth in their 
industrial activities.* 


The import requirements of the industrial areas for raw materials 
will certainly increase greatly in years to come. However, from the 
foregoing it is obviously dangerous to assume that increased supplies 
will always be available from areas undergoing industrial develop- 
ment. The ability of suppliers to meet their own domestic demand 
as well as export demand has been considered in commodity and 
trade route analyses in this report. 

The materials that have been summarized in this section are 
sufficient to indicate that there is no way to relate total Panama 
Canal traffic to broad trends in world economic development. There 
are no shortcut methods for projecting canal traffic on the basis of 
probable trends in industrialization in the world. However, the 
outlook for individual components of the traffic can often be related 
to economic development trends and are so related in the commodity 
studies in volume II. A detailed consideration of methods for making 
the necessary traffic projections follows in section V. 


, * Tbid., p. 145. The quotation is from A. J. Brown’s‘‘Industrialization and Trade: The Changing World 
attern and the Position of Britain,’ London, 1943, p. 50. 

a The contracting parties to the General Agreement on Tariffs and Trade, “International Trade, 1956,” 
eneva, June 1957, pp. 5-17, 
; pid. pp. 16-17. 


some projections of im requirements, see ibid., pp. 17-43; also Henry G. Aubrey, “ United States 
Imports and World Trade,” Oxford, England, 1957, 
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SECTION V 
METHODOLOGY FOR TRAFFIC PROJECTIONS 


Based on the analysis of world trade and economic development 
and the role of the Panama Canal given in the preosing sections, it 
is possible to consider the approach which should be taken to a study 


of probable future traffic through the canal. There are three general 
approaches that might be followed: (1) analysis in terms of economic 
indicators or measures of large aggregates of economic activity, (2) 
trend projection, and (3) analysis in terms of specific commodities and 
specific trade routes that are of major importance in canal traffic. 
he last approach was found to be the most suitable for this study. 


PROJECTIONS BASED ON ECONOMIC AGGREGATES 


It is common practice in estimating the future course of a given 
economic activity to relate that activity to a larger group of economic 
phenomena of which it is a part and about the behavior of which 
something is believed to be known. This method has great advan- 
tages. In the United States economic aggregates such as the gross 
national product, the national income, and the volume of industrial 
production have been studied at great length by individual scholars 
and organized groups. Much is known about the factors that influ- 
ence the behavior of these aggregates, and estimates of their future 
values based on such knowledge and much research are readily avail- 
able. If the particular activity under investigation can be shown to 
behave in some definite manner with respect to one of these aggre- 
gates, the probable future of the activity can be inferred trom that of 
the aggregate. 

In using this method to project the future of an economic phenome- 
non, whether it be automobile sales or Panama Canal traffic, great 
care must be used to determine whether there is in fact a consistent 
relation between the given phenomenon and one or more of the aggre- 

ate measures. Has there been a clearly discernible pattern in the 
ehavior of the relevant series in the past? If so, can this pattern be 
explained by logical reasoning consistent with other knowledge; and 
can the factors producing this pattern be expected to contmue to 
operate in the same manner in the future? 

Several conditions serve to limit the usefulness of this method for 
projecting the volume of future cargo movements through the Panama 
Cana). First, there are no broad measures of economic phenomena 
that can logically be thought of as determining, regulating, or estab- 
lishing a framework for total cargo tonnage through the canal. 
Panama Canal traffic is made up of parts of the commerce of most 
areas of the entire world. There is no measure of world economic 
activity about which significant knowledge exists for study of past 
relations to canal tonnage and for predictive purposes. 
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The U.S. gross national product is the largest single economic aggre- 
gate that has been systematically measured and analyzed, and it is 
quite inadequate to serve as an overall influence or control to which 
canal traffic could be expected to be consistently related. Approxi- 
mately one-third of Panama Canal cargo tonnage has neither origi- 
nated nor terminated in the United States in recent years. Economic 
activity in other countries is sufficiently separated from that of the 
United States by foreign exchange and trade restrictions, by auton- 
omous economic control measures available to the large industrial 
nations, and by U.S. actions not related to gross national product 
that it cannot be said that the level of economic activity in the world 
is necessarily geared to that of the United States. 

Another condition that limits the usefulness of measures of general 
economic activity in an analysis of Panama Canal traffic is the expres- 
sion of these measures in value terms or value indexes. Similarly, 
international accounts are balanced in terms of values, including 
capital transactions and the costs of services. Canal traffic, on the 
other hand, is measured by weight in tons of cargo. Even if a given 
level of economic activity were found to give rise to a particular value 
of international transactions, the importance of this to the canal de- 
pends on the actual kinds of commodities involved. 

The Panama Canal does not handle a representative cross section 
of world trade, a large portion of which moves by land, nor even a 
typical sample of world seaborne trade. For example, the major sea 
routes for the transportation of petroleum do not pass through 
Panama. The same is true of the movement of manufactured goods 
between industrial countries. Among individual nations, only those 
on the west coast of South America could be said to send a representa- 
tive portion of their seaborne trade via the canal. 

It can probably be said with reasonable certainty that over the 
long run, world trade will increase as the total of world economic 
activity increases. This should at least be true of the value of goods 
and services exchanged. However, at present no means exists to pre- 
dict the relation between world trade and world economic activity. 
The relation between the value of foreign trade of a nation and its 
total national product can vary quite widely. 

Whether past relations will continue in the future and what the 
corresponding situation will be as important countries undergo major 
economic development cannot be readily projected. Even if value 
relations could be projected, the task of determining the composition 
of trade and the tonnage that will pass through the Panama Canal 
remains. 

The demand for a particular commodity is often found to be cor- 
related with measures of economic activity, such as industrial produc- 
tion or gross national product. Movements of the commodity in 
world trade, however, depend not only on demand but also on the 
location of areas of supply. The relations between demand areas and 
supply areas frequently change without reference to general economic 
activity as sources of materials are discovered or exhausted, or as 
demand outruns the capacity of a given supply source. For the pro- 
jection of future trade flows, therefore, analysis in terms of general 
economic indicators is not sufficient. 
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TREND PROJECTION 


Another approach to anticipating the future course of an economic 
activity is to observe the behavior of this activity in the past and to 
search for evidence of regularity and consistency in this behavior indi- 
cating a general trend that might continue into the future. The 
behavior of the variable under study will be a result of the operation 
of a set of other economic factors.. In the case of Panama Canal 
traffic these influencing factors are both numerous and complex. 
Trend projection implicitly assumes that these factors will continue 
to develop along lines that have prevailed in the past and that they 
will continue to influence traffic in the same manner that they have 
in the past. 

The summary in section III of major changes which have occurred 
in the relative importance of individual commodities and individual 
trade routes in Panama Canal traffic indicates that the behavior of 
total cargo tonnage cannot accurately be described as the result of 
long-term growth and decline among the various components of the 
traffic. Rather, the really important effects on total tonnage have 
stemmed from the sudden introduction of new cargo movements and 
the cessation of some old movements. Such changes will probably 
occur also in the future. Whether their net effect on total traffic in 
the future will resemble that of the past is questionable. It is very 
difficult to evaluate the assumption that future net effects of a varyin 
group of phenomena will be similar to the net effects of a changing, im 
probably different, group in the past. 

This situation makes it difficult to appraise the reasonableness of 
trend projections and to know how much reliance should be placed 
upon them. In the absence of a systematic study of all the important 
factors affecting the trend there is a tendency to evaluate or ‘‘adjust”’ 
the trend projection on the basis of intuition or knowledge of only a 
portion of the important factors. Whether or not this improves the 
results is a matter of conjecture. 

The principal advantage of trend projection of traffic is its sim- 
plicity. The main disadvantage is a lack of supporting analysis to 
explain the reasons for the trend and the reasons why it should con- 
tinue in the future. When an attempt is made to remove this objec- 
tion, an adequate treatment requires a full analysis of traffic com- 
ponents and the factors influencing them. In other words, the same 
problem arises as that seen in connection with projections based on 
the behavior of economic aggregates; to understand the Panama Canal 
outlook requires analysis of the commodity composition of trade, its 
origins, and its destinations. Such an analysis actually represents 
the third approach to projection as described below. 


PROJECTIONS IN TERMS OF COMMODITIES AND TRADE ROUTES 


_ Projecting Panama Canal traffic through study of the outlook for 
individual commodities and trade routes has none of the advantages of 
simplicity found in the statistical approaches just discussed. The im- 
portant commodities are numerous, and the trade routes of present or 
possible future importance are various. When an attempt is made to 
explain the supply and demand characteristics of a particular com- 
modity, the relation of prices in different areas, and the probably 
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movements of the material in the future, the full complexity of the 
factors that really determine movement through the canal is at once 
apparent. Similarly, the outlook for a trade route involves the eco- 
nomic growth of the nations trading on the route, their needs for 
particular goods, and their ability to produce for home consumption 
and export. 

To build up an analysis of Panama Canal traffic through study of its 
individual components is a task of indefinite magnitude. It is always 
possible by further study to improve the depth of understanding and 
the number of components about which something is known. ere 
the concern is with the very long-range future, it is unlikely that any 
one of the topics involved would ever be completely exhausted. How- 
ever, the most important topics can be identified, and the principal 
factors affecting each can be examined in meaningful detail with a 
reasonable expenditure of time and funds. This is the approach thai 
was followed in the present research project. 

Analysis of individual components of the traffic in terms of factors 
important in determining these components serves to provide a frame- 
work of reasoning to explain why the total traffic should be expected to 
behave as projected. ‘The major variables, the key assumptions, and 
the principal unknowns can thus be seen; and their importance 
recognized. A basis is provided for a logical evaluation of the results 
and for recognizing the limitations of projections made. This serves 
to overcome the principal disadvantage noted in the statistical ap- 
proaches to traffic projection. In addition, it makes possible future 
revision of estimates as new knowledge becomes available on specific 
topics, and it indicates those subjects on which more knowledge 
would be most valuable. 

Two approaches can be followed in considering individual com- 
ponents of Panama Canal traffic. The total cargo movement can be 
thought of as composed of shipments of a number of separate com- 
modities, or it can be viewed as a series of movements between different 
countries or areas of the world. Each of these approaches has its own 
advantages for analytical purposes, and both have been followed in 
the present research. The discussion in section VII s organized on 
the basis of trade routes, which show the traffic as movements between 
world trading areas. This orientation facilitates consideration of 
general economic growth, political factors, and other matters peculiar 
to nations or regions and affecting, to some extent, all commodities 
traded between the areas concerned. It also leads naturally to some 
inferences concerning the outlook for trade in the minor commodities 
that cannot be analyzed individually in the present work. 

Most of the trade routes are characterized by concentration of 
tonnage in a small number of commodities. These important items 
are not the same for all routes, but they must be analyzed to under- 
stand the route. When a commodity is widely traded in the world, 
its movements on a particular route cannot be understood without 
reference to movements on other routes. For example, shipments of 
Philippine sugar to the east coast of the United States are part of a 
complex pattern of adjustment to world sugar production and con- 
sumption. Eleven commodity groups have accounted for about 
three-fourths of all Panama Canal traffic in recent years. These 11 
groups were therefore studied in their world setting. The resulting 
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series of commodity studies is presented in volume II. These studies 
have been summarized in section VI to show the future tonnage 
expected to come from these items. 


INHERENT LIMITATIONS OF LONG-RANGE TRAFFIC PROJECTIONS 


It is never possible to predict future events with certainty... The 
longer the future period under consideration, the larger is the number 
of significant factors subject to unforeseeable variations. The present 
study has attempted to consider Panama Canal traffic to the end of 
the century. Even a brief reflection on the wide range of possible 
changes that could develop in a period longer than 40 years serves to 
indicate the caution with which economic projections over this time 
span must be viewed. 

Future Panama Cenal traffic is subject to four principal types of 
uncertainty which should be explicitly recognized. These are briefly 
described in the paragraphs that follow. 


Technological change 


The rapid and accelerating rate of scientific discovery and the 
speed with which such discoveries are being applied in industry are 
too well known to require discussion. The future will certainly see 
the emergence of major products that cannot now be foreseen and 
the use of important materials that are not now apparent. Similarly, 
what seem to be important resources today may be largely abandoned 
in the future. The impact of chemical discoveries on the use of silk 
and natural rubber are outstanding examples among many. 


Panama Canal cargo tonnage consists largely of raw and semi- 
su 


rocessed materials. The extent to which titute materials may 
developed and the extent to which relative costs in different areas 
may be altered by new processes for utilizing various grades of raw 
material cannot be foreseen in the distant future. The mineral 


oe ag of the world will be further explored, also with unpredictable 
results. 


Social change 


Explosive forces of population growth and willingness of people to 
accept new ideas and to engage in new activities are evident throughout 
the world. Habits of living that have persisted for centuries are being 
swept away, and demands for higher levels of living are arising in 
enormous population groups that have previously participated little 
in the world trading economy. The need for new skills, education, 
and new institutions to cope with these demands is great. The 
degree of success that will be attained in coping with these problems 
and the rate at which progress will be made cannot be foreseen with 
precision. Recent experience with population forecasts serves to 
remind that wide latitude must be allowed even in estimates of the 
number of people that will be involved. 


Political change 


_ The dramatic shifts in political power ani in forms of government 
in the world in the past 40 years are obvious to all. Currently many 
important new nations are emerging. The nature of their political 
institutions and their role in the world have not vet been determined. 


. 
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The degree to which nations under totalitarian systems participate in 
world trade has become a political as well as an economic decision, 
That economic logic might indicate a desirable exchange of materials 
does not insure that it will take place, and essentially noneconomic 
trade movements can be fostered for political purposes. These 
conditions add to the uncertainties affecting Panama Canal traffic. 


Economic change 


Economic activities are the efforts of people to produce from ob- 
tainable resources those things which are desired for a satisfacto 
living. The nature and accessibility of resources as well as the kinds 
of things considered desirable will be affected by the technological, 
social, and political changes just mentioned. Economic activities 
will correspondingly change, and there will be a net result of all the 
foregoing changes on world trade and Panama Canal traffic. It is 
clear that many of the factors involved cannot be predicted and their 
interactions worked out in detail for situations several decades hence. 

In the present study the inherent uncertainties just mentioned have 
been dealt with in the following manner. The probable further evolu- 
tion of tendencies now apparent has been estimated on the basis of 
available knowledge. General conditions in the more distant future 
have been described on the basis of assumptions that are believed to be 
reasonable expectations. In selecting the appropriate assumptions, 
the assistance of persons with long backgrounds of study in the subjects 
involved was obtained. 

An attempt has been made to project the canal traffic in some detail 
to 1975. Beyond this date the possible variations arising from 
technological, social, political, and economic changes that cannot now 
be discerned become more serious. The discussion of traffic in this 
distant future is necessarily in more general terms. An attempt has 
been made to identify and evaluate the factors that could produce 
major changes in this period. However, the results should be viewed 
only as indicative of directions of change and possible general orders 
of magnitude involved. | 

BASIC ASSUMPTIONS 
Population 

The demand for some products is related to the number of con- 
sumers, and some estimates of future population are needed in com- 
modity analysis. This is particularly true in the case of food products. 
In this study, population projections to 1980 made by the United 
Nations are used. Beyond 1980 a continuation of the rates of change 
indicated to that date has been assumed, recognizing that the degree 
of uncertainty increases rapidly in the more distant future. The 
United Nations projections for the continents are shown below. 
Regional and country projections in the source material are not 
reproduced here. Country estimates are available for the “medium” 
series only, and this series is used unless otherwise indicated. 
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Estimates of population of continents for 1950 and for 1980, according to ‘‘high,”’ 
‘“medium,”’ and “‘low’’ expectations 


Estimated population (millions) 
Continent 1980 
“High” “Medium” 


3, 990. 0 8, 628.0 
; 289. 0 
535. 0 


223.0 
312.0 
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Latin America 
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Source: United Nations, “Proceedings of the World Population Conference, 1954,” vol. III, July 1955, 
p. 77. 


Recent studies of U.S. population growth by Stanford Research 
Institute indicate that even the “high” estimate of the United Nations 
is probably too low for this area and that U.S. population will exceed 
220 million by 1975. The Stanford Research Institute estimates 
have been used in the case of the United States. 


Economic growth 


It was mentioned earlier that there is no reliable relation between 
trade patterns and economic growth but that the demand for some 
commodities is rather closely related to the general level of economic 
activity. As a basis for commodity analysis, it is necessary to estab- 
lish some general magnitudes representative of probable future eco- 
nomic activity. 

In the United States and Western Europe, gross national product, 
valued at constant prices, has historically grown at a rate of about 
3 percent per year. This phenomenon has been studied at length by 
numerous scholars, and projections for the future are at about this 
rate. It has, therefore, been assumed for purposes of the present 
study that these areas will increase their totel economic output at an 
average rate of 3 percent per year over the forecast period. 

Growth rates in other areas of the world are much more various, 
and other economies have not reached a stage of maturity in which 
growth has become the fairly consistent, self-generating process 
characteristic of the United States and Europe. owever, there are 
some guidelines in even this uncertain field. Latin America as a 
whole achieved an increase in its gross product over the decade 1945-55 
which aan nearly 5 percent per year, though individual countries 
varied considerably from year to year and in their average rates over 
the period. The current 5-year plan in India is designed to increase 
output 25 Po in 5 years, although it now appears that at least 
6 years will be required. This would be an annual average growth 
somewhat less than 4 percent. The U.S.S.R. and Communist China 
claim to achieve growth rates of 7 percent per year or more, but not 
enough is known of their activities to permit accurate evaluation of 
such statements. It appears probable that their spectacular indus- 
trial growth is weighted heavily in such data and that consideration 


of other sectors of the economy would indicate a considerably smaller 
overall rate of growth. 
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lt appears probable that rapid industrialization is an in 
part of the growth process in many countries and that it is likely to 
persist. It is not possible within the scope of the present study to 
consider the various nations of the ‘od separately and for the 
principal trading regions it appears satisfactory for present purposes 
to assume a representative average growth rate. In view of recent 
experiences in developing areas, it is believed reasonable to assume an 
average annual increase in gross product of about 4 percent as repre- 
senting the maximum that is likely to be achieved over a long period. 
Since manufacturing industry will probably grow at a faster rate than 
total output in the developing economies, an average annual growth of 
5 percent is assumed in this sector. These rates are used for esti- 
mating purposes for all regions of the world except North America 
and Western Europe. 

Considered in relation to the population growth projections shown 
earlier, the foregoing economic growth rates would produce varying 
results in per capita income growth in different countries. Very little 
is known about the relation between population growth and economic 
activity. In some environments an increase in population is un- 
doubtedly a stimulus to investment and economic growth, while 
in other situations it may serve as a deterrent to economic progress. 
These problems cannot be considered in the present context. 


Political developments 


It is assumed that the major powers will not engage in total war, 
for if a global conflict occurs, the problem to which this study is ad- 
dressed would no longer be important. It is further assumed. that 
political barriers to trade between the major countries will eventually 
be removed. However, this does not necessarily imply a large volume 
of trade between the free world and the Communist nations. |For the 
Panama Canal, the main consideration in this respect is the degree to 
which mainland China will choose to trade with Japan: This is 
discussed further in relation to a specific trade route. 

It is assumed that the formation of larger areas with greater inter- 
nal freedom of trade will occur, in particular that the European 
Common Market will evolve as presently planned. The effects of this 


regional grouping are considered in relation to some individual 
commodities. 


Technological developments 


The uncertainties in this field when any long-range projection is 
made have already been mentioned, In this study the possible im- 
pact of commercial application of processes and products now known 
to be under development has been considered to the extent possible 
on the basis of available data. No attempt has been made to specu- 
late on future discoveries that cannot now be foreseen. 





SECTION VI 


ANALYSIS OF MAJOR COMMODITIES IN PANAMA CANAL 
TRAFFIC 


Eleven commodities or related commodity groups in Panama Canal 
cargo records have made up about three-fourths of the cargo tonnage 
through the canal since 1950. These are: 

Ores and metals. 

Iron and steel manufactures. 
Petroleum and petroleum products. 
Coal and coke. 

Lumber. 

Wheat and wheat flour. 
Phosphates. 

Nitrates and ammonium compounds. 
Janned and refrigerated foods. 
Sugar. 

Bananas. 

All these commodities except coal and bananas have been among 
the 11 heaviest tonnage commodities since 1930. . Coal and bananas 
are postwar additions to the group. With the exception of bananas, 
these commodities move in tonnages far exceeding those of any other 
category in the cargo statistics. ‘Total canal traffic is so strongly in- 
fluenced by these items that they were given individual attention in 
this study. The recent growth of banana tonnage has been so rapid 
that it was included among the major commodities. Detailed dis- 
cussions of these commodities are in volume II of this report. Brief 
summaries are presented in this section. 

The 11 most important commodities were studied in terms of the 
basic demand and supply factors giving rise to their movement through 
the canal. These factors were aa , where necessary, to those con- 
ditions influencing other movements of these commodities in world 
trade. The outlook for future demand and supply relationships be- 
tween relevant areas of the world was evaluated, and estimates were 
made of the probable movement of the 11 commodities through the 


Panama Canal in 1975 and the year 2000. These projections are 
shown in table IV. 
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TasLe 1V.—Summary of projections of Panama Canal major commodities, by 
irection of movement 


[Thousands of long tons] 


Average, 1955-57 







Commodity 
Atlantic to| Pacific to | Atlanticto| Pacific to | Atlantic to| Pacific to 
Pacific Atlantie 
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Sources: 1955-57 averages computed from Panama Canal annual reports and annex C to “‘ Report on 
Capacity of the Panama Canal, 1957,”" by executive planning staff, Panama Canal Company, 1957. Minor 
tonnages in ores and metals not shown by direction in source are assigned to direction of larger tonnage. 
Projections from commodity studies in vol. II. 





The estimates shown in table IV rest on analysis and evaluation of 
factors that are in most cases quite complex. This short summary 
cannot convey all the implications that should be understood in con- 
nection with the use of these projections for Panama Canal planning 
purposes. Study of volume tin this connection is therefore desirable. 





ORES AND METALS 





Because several of the commodities in this group are closely related 
to the iron and steel industry, the subgroup ientoas ores and metals” 
is covered in a single analytical framework in volume II and is followed 
by discussion of the nonferrous items. 

This history of steel ingot production in the various regions of the 
world was reviewed and related to the industrial wth of these 
regions. Future growth was then projected to the end of the century. 
While the growth rate varies among regions, an overall increase of 260 
percent in world steel ingot production is expected between 1955 and 
2000. 

From the projections of steel ingot production the associated 
quantities of pig iron and steel scrap were estimated. Based on the 
estimates of pig iron production and the average iron content of iron 
ore sources for each region, estimates of iron ore consumption by 
world region were prepared. Iron ore production and reserves were 
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then analyzed by region, and the probable surplus or deficit in future 
production compared with future consumption was estimated for each 
region. ‘The pattern of imports and exports to which these conditions 
would logically lead is then described. The tonnages that are 
expected to result for the Panama Canal are shown in table IV. 

he expected increase in iron ore tonnage through the canal is one 
of the most important findings of the present study. It represents 
largely the movement of South American ore to the United States and 
Europe. Owing to the probable timing of future imports on the west 
coast of the United States, differences in ore composition, and the 
ownership relations between the steel companies and South American 
ore sources, it is probable that a substantial part of west coast 7S. 
ore requirements will be met from the east coast of South America. 
At the same time, ore from the west coast of South America is expected 
to continue moving to the east coast of the United States and to 
Europe. Thus, substantial tonnage in both directions has been 
projected for the canal. 

Movements of chromite and manganese ore through the canal are 
mostly to the United States and are only small parts of total U.S. 
imports of these materials. Continuation of the movements is de- 
pendent on the economic life of Philippine chromite deposits and on 
manganese production in several scattered areas of the Pacific. Dis- 
covery of some new reserves of chromite will be necessary to realize 
the projected tonnage for the latter part of the century, but such 
discovery is considered a reasonable possibility. 

Iron metal (pig iron) moves in world trade largely to meet tempo- 
rary shortages that occur when demand in an area exceeds for a time 
the capacity of local pig iron producers. Owing to expected expan- 
sion of pig-iron capacity in many countries in the future, no growth 
is pevyected for the average movements of iron metal through the 
canal. 

The canal tonnage of steel scrap moves mainly from the east coast 
of the United States to Japan. In view of increasing pig-iron pro- 
duction planned in Japan and the outlook for exportable scrap supplies 
on the east coast, this movement is projected at about the current level 
to 1975, rising about 50 percent thereafter over the rest of the century. 

The category “iron and steel manufactures” in canal statistics repre- 
sents iron and steel mill products, such as structurals, plates, etc. It 
is shown separately from the ores and metals in table IV. It does 
not include machinery and other manufactured products made largely 
of steel. The movement through the canal is mostly from Atlantic 
to Pacific—from the industrial areas of the United States and Europe 
to lesser developed areas. The largest destinations are the west coast 
of the United States, Asia, and the west coast of South America. 
Some increase in shipments to each of these areas is expected in spite 
of increased local production, representing increased use of items not 
produced locally. Substantial increase in shipments to the west coast 
of Canada are expected to make this a more important destination in 
the future as the economic development of the western provinces con- 
tinues. The net effect of these changes and shipments to the other 
smaller destinations is shown in table IV. 

e largest tonnage among the nonferrous ores and metals is in 
Copper. Regional demand and supply estimates were prepared and 
related to trading patterns. Long-range projections of demand for 
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copper are more difficult than those for steel because of limitations 
on ore reserves and competition of substitute materials.. It seems 
certain that world demand for copper will gradually increase, but the 
projections are at a much lower rate than the increase expected in 
total economic output. Past movements through the canal have 
been from the west coast of South America and the United States 
to the east coast of the United States and Europe. In the future 
the west coast of the United States is expected to meet its own re- 
quirements but to cease exporting. Shipments from the west coast 
of South America will continue through the canal and are expected 
nearly to double by 1975, and to increase further in the remainder 
of the century. 

The next most important nonferrous tonnage arises from the 
aluminum industry, and presently consists of bauxite and alumina 
moving Atlantic to Pacific. The largest destination is the west coast 
of Canada. The announced plans for the ultimate development of 
the aluminum smelter at Kitimat would indicate a large increase. in 
shipments to this destination. Recently, aluminum metal has moved 
eastbound in small but rapidly increasing volume. Further growth 
of this movement has also been projected in relation to the expansion 
of the Kitimat smelter. 

World consumption of lead has increased steadily since World 
War II but is still only about at the 1929 level. Further gradual 

owth is expected. The west coast of South America and Australia 
Some potential for a moderate increase in lead production, a part, of 
which should move through the canal. However, the need to serve 
markets, particularly in the Far East, that would not involve canal 
shipments, is expected to result in only small growth in lead tonnage. 

Total zine ore production in the world since 1930 has shown a 
gradual increase that is expected to continue. A review of estimated 
reserves indicates potential for expansion of output in areas shipping 
through the canal, particularly the west coast of South America. A 
moderate increase in zinc shipments is projected for 1975, with further 
growth by the end of the century. 

Tin is most important among the remaining nonferrous ores and 
metals. The pattern of tin ore deposits and smelters appears well 
stabilized, and no great change in volume shipped through the canal 
is expected. For the miscellaneous ores and metals not identified 
individually a small growth in shipments is projected due to generally 
rising industrial activity in the world. 


PETROLEUM 





AND PETROLEUM PRODUCTS 








The Panama Canal does not lie on the world’s major petroleum 
routes, and a relatively small growth in this tonnage is shown in 
table [V. The largest future tonnage through the canal will move 
from Venezuela to the west coast of the United States, However, the 
west coast will be able to draw on several other sources also, and growth 
of this tonnage will therefore be limited. There will also be shipments 
to the west coast of South America and to Australasia, mainly special 
products not. produced locally in those areas. Movements from 
Pacific to Atlantic represent special products from the west coast of 
the United States. The average for such movements in the last 3 
vears is strongly influenced by unusual shipments of residual fuel oil. 
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These have occurred sporadically since World War II and are not 
expected to be typical of the future. An average annual tonnage of 
500,000 in this direction is estimated for both 1975 and 2000. 


COAL AND COKE 


In recent years coal has become one of the most important com- 
modities in Panama Canal cargo tonnage, and it is expected to remain 
so in the future. The movement is very largely from the east cost of 
the United States to Japan, although there are some shipments to 
other destinations in Asia and also to the west coast of South America. 
The principal growth in tonnage is expected on the route to Japan, 
where growing requirements for coking coal in the steel industry and 
limitations on other sources of supply will lead to larger purchases from 
the United States. Even the large tonnage projected represents only 
a part of total Japanese import requirements. By 1975 expansion 
of the steel industry on the west coast of the United States may well 
have caused coal shipments to this area to begin. By 2000 such 
shipments are expected to be substantial. 


LUMBER 


By far the largest part of lumber shipments through the canal is 
made up of softwood lumber from the west coast of North America, 
and this will continue to be the case in the future. Because of rising 
demand in the Eastern United States, Europe, and other Atlantic 
areas, these shipments are expected to rise somewhat from recent 
levels, but large expansion will be precluded by limitations on availa- 
ble timber resources in the areas that ship by water. The study of 
future lumber shipments is essentially a supply problem. 

Small increases in Pacific to Atlantic shipments originating in 
areas other than North America are also expected, but sleent play a 
small part in total volume. No inereases in the supply of lumber 
from sources in the Atlantic area that would be sufficient to preclude 
the growth of shipments from the Pacific can be foreseen. A small 
volume of lumber is shipped through the canal from Atlantie to 
Pacific. While a small growth in this movement is expected, it will 
not become an important source of tonnage. 


WHEAT AND WHEAT FLOUR 


The major part of the wheat shipments through the canal are from 
the west. coasts of the United States and Canada to Europe, Africa, 
Asia, and the east coast of South America. There is also some east- 
bound movement. from Australia to Europe. Wheat traffie from 
Atlantic to Pacific originates mostly on the gulf coast and moves to 
the west coast of South America and to Asia. 

Analysis of the supply outlook in the exporting countries indicates 
they should be able to supply larger quantities than are now moving 
whenever the demand warrants. Yields per acre have been improved, 
and per capita domestic consumption in these areas is declining. 
Even at lower than present prices, wheat production in the major 
SSporting nations would remain competitive with other opportunities 
open to farmers, and large outputs could still be expected. 
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The demand outlook in the importing areas is quite varied. In 
Europe the higher income countries have reached the stage of declinin: 
per capita consumption, while the lower income countries are sti 
showing rising per capita consumption. Domestic production has 
increased through higher yields. European imports are therefore 
expected to remain about at present levels. In Asia, on the other 
hand, the potential increase in demand for wheat is very great, 
Projected population growth alone, even at current low per capita 
consumption rates, would imply an increase in consumption of 14 
million long tons by 1980. Thven allowing for improvements in 
agriculture, it appears clear that the Asian countries cannot meet 
this growth with domestic production and will have to rely on in- 
creased imports. In addition, a further shift from rice to wheat is 
possible under the incentive of relatively more favorable prices on 
wheat than on rice in the future. Imports are also expected to increase 
in Africa and South America. 

The supply and demand factors were related to trading patterns in 
wheat to detite the estimates of canal shipments for 1975. Only a 
small increase is projected in Pacific to Atlantic tonnage, but a signifi- 
cant increase in the opposite direction is expected, representing ship- 
ments from the United States gulf ports to the Far East. The later 
years of the century cannot be analyzed in detail, but further increases 
in westbound shipments to the Far East are the most important 
possibility and are indicated in the tonnages shown in table IV, where 
the figures for 2000 are a continuation of the trends expected prior 
to 1975 


PHOSPHATES 


The heavy tonnage in this category is phosphate rock from Florida 
to the Far East, mainly to Japan. It has increased substantially 
since World War II as fertilizer consumption has increased and Pacific 
sources have declined in importance. Very little long-term growth 
has been projected for this tonnage. 

Large deposits of phosphates exist in North Africa that can be 
economically developed far beyond present production. It appears 
probable that such development will occur and provide an alternative 
to increasing dependence on the United States, where purchases must 
be paid for in dollars. 


NITRATES AND AMMONIUM COMPOUNDS 


Nitrate from Chile has moved eastbound through the canal for 
many years, principally to the United States and Europe, with some 
shipments also to Africa. Movements in the opposite direction are 
various nitrogen compounds produced in the chemical industry and 
used largely for fertilizer. Two important conditions are expected to 
affect tonnage of nitrates and ammonium compounds in the future. 

First, synthetic nitrates can be produced in most areas at a cost 
per pound of nitrogen content that is lower than the cost of nitrogen 
in imported Chile nitrate. In this situation Chile nitrate is in a 
worsening competitive position, and traditional preferences for it will 
probably weaken under economic pressure. However, nitrate is an 
important source of income for Chile, and efforts to maintain exports 
may be expected. New investments are now being made to improve 
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efficiency in production, and important tonnage will probably continue 
to move through the canal for many years to come. However, a 

dual decline in the tonnage is projected in table IV. 

The second important condition affecting future traffic in nitro- 
genous materials is the spread of production of synthetic nitrogen 
throughout the world. Manufactured ammonium compounds move 
from the Atlantic to the Pacific, largely from the United States and 
Europe to less industrialized areas. However, there is some trade 
in these products between industrial areas, representing special prod- 
ucts or temporary imbalances in production and demand. More and 
more countries are producing these materials domestically as they 
embark on programs of industrialization. The products are needed 
both for fertilizer and as the basis for other chemical industries. 
Greater self-sufficiency among nations in these products is therefore 
expected in the future. A small growth in tonnage through the canal 
is projected for 1975, representing rapidly growing demand and asso- 
ciated deficits in some areas before local facilities can be expanded to 
meet the demand. A decline in canal shipments toward the end of 
the century is also projected as more nations acquire a large production 
base. 


CANNED AND REFRIGERATED FOOD PRODUCTS 


Canned goods 

Canned goods move through the canal in both directions, but the 
Pacific to Atlantic tonnage is by far the heavier and receives the main 
emphasis of the analysis. Over half of the Pacific to Atlantic tonnage 


is fruits and vegetables from the west coast of the United States. 
Pineapple from Hawaii and the Philippines is also important, and some 
fruits and vegetables come from Australasia. Canned fish originates 
in various Pacific areas. Potential supplies of these products appear 
adequate for very substantial growth in tonnage, making this study 
mainly a problem in demand analysis. Earlier work by Stanford 
Research Institute provided the basis for estimated shipments to 
US. destinations. Studies of future European imports of foods by 
the contracting parties to the General Agreement on Tariffs and Trade 
were used in estimating European demand, and shipments to other 
areas were estimated in relation to expected growth in incomes. 
Canned goods shipments from Atlantic to Pacific consist of many 
oo moving on several routes. The largest item is milk shipped 
m the United States. Total tonnage in this direction is above pre- 
war levels and has had regular growth during the 1950’s. An extension 
of the recent trend is considered to be the best approach to these 
various small movements that cannot be studied in detail. 
Refrigerated food products 
This category of canal tonnage is made up of dairy products and 
Meats, oii all of which move from Australasia to destinations in 
the Atlantic area. Fresh fruits are not included in this classification. 
The principal movement of dairy products is from New Zealand to 
the United Kingdom. The consumption of dairy products in the 
United Kingdom is not expected to grow significantly, and New 
and will face increasing competition from producers in Europe and 
from the substitution of margarine for butter. Australia, and 
possibly India, are likely to take increasing quantities of New Zealand 
57677607 
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roducts, reducing amounts available for shipment to the Atlantic, 
owever, New Zealand may expect to gain some of an expandi 
market in South America and to sell also in Europe, with the net 
result that total tonnage of these products through the canal should 
remain at about present levels. 

Both Australia and New Zealand will be able to produce growi 

uantities of meat for export, a large pm of which will move thro 

the canal. The major markets sought will be in Europe, where per 
capita consumption is relatively low, and a large increase in imports is 
likely as incomes rise and population increases. Argentina will 
compete oe for these markets. It has been assumed that the 
United States will not change its policy with respect to meat i 
and that no significant growth in shipments to the United States will 
oceur. The net result is expected to be substantially increased ton- 
nage rising from an average of about 300,000 tons in recent years to 
about 450,000 tons in 1975. Assuming that per capita consumption 
has stabilized in Europe by 1975, a further growth to about 500,000 
tons is projected for the end of the century. 


SUGAR 








Since World War II, sugar has been moving in volume in both 
directions through the ahr a situation that is expected to continue, 
The eastbound movement is largely made up of Philippine, Hawaiian, 
and Peruvian sugar toe the east coast of the United States and of 
Australasian sugar to Canada and the United Kingdom, 

Shipments to the United States are closely related to quotas assigned 
under the U.S. Sugar Act. Policies under this act appear to be fairly 
well stabilized, leading to the conclusion that tonnage from the Philip- 
pines will continue at the present level and that an excess of Hawaiian 
sugar over that which can be disposed of on the west coast, of the 
United States will continue to be shipped through the canal in about 
the present volume. Under the present quota arrangements, the 
quota of Peru in the U.S. market will rise rapidly as total U.S. con- 
sumption increases. However, te increase shipments under this 
quote, Peru must first join the International Sugar Agreement, 

radual growth in eastbound shipments of Australasian sugar is also 
cnnenies as markets expand in Canada and the United Kingdom. 

he movement of sugar from Atlantic to Pacific is largely from the 
West Indies to Japan. This movement. is expected to increase as 
total Japanese consumption increases, owing to limitations on supplies 
from other sources. A small portion of the westbound sugar is from 
the West Indies to Chile, where it competes with Peruvian sugar. 
Since Chile will probably wish to retain more than one source of sugar 
in the future, a small growth in this tonnage is also expected. Other 
movements in this direction are small. 

The factors just outlmed account for most of the sugar tonnage 
shown in table IV. They were analyzed in detail to 1975. For the 
latter part of the century, detailed analysis is ‘not possible, and the 
projections for the year 2000 were derived by extending the trend that 
is expected to exist in the period up to 1975. 
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BANANAS 


The banana movement through the canal is from Pacific to Atlantic, 
and it has grown rapidly in recent years in connection with the expan- 
sion of the industry in Ecuador. Banana production in Ecuador ex- 
panded — as plantings increased in new disease-free areas. The 
sigatoka disease is now well established in Ecuador and is forcing a 
consolidation of the industry in large tracts in which disease control 
can be practiced. Shipments will probably level off or even decline 
somewhat in the near future before growth is resumed. 

No systematic studies of the demand for bananas in the United 
States or other countries could be found during this research. It 
appears that past consumption has been limited by problems in se- 
curing an adequate supply of good quality fruit, and therefore past 
consumption may not reflect the actual extent of the market. ip- 
ments to Europe have increased rapidly in recent years, probably 
indicating a large potential for further growth as incomes and popu- 
lation rise. 

A large amount of land is available for expansion of the banana 
industry on both the Atlantic and the Pacific sides of Central and 
South America. Only production on the Pacific generates tonnage 
for the canal. To compare production problems and costs in these 
areas in order to anticipate the sequence of development would be a 
ae undertaking. 

jections to 1975 were made by assuming that North American 
Imports will increase in proportion to population growth and that 
European imports will double. If Panama Canal shipments continue 
to make up one-third of these imports, as they have in recent years, 
the tonnage indicated in table IV would be reached. An independent 
estimate supplied by a trade source covered the outlook to 1962 and 
is consistent with the trend indicated by the 1975 projection. Some 
further increase has been included in the projection for the year 2000, 
although changes in tastes and other unpredictable factors could 
change the situation by that time. 








SECTION VII 


ANALYSIS OF MINOR COMMODITIES IN PANAMA CANAL 
TRAFFIC IN RELATION ‘TO MAJOR TRADE ROUTES 


The 11 commodities summarized in section VI presently account for 
about 75 percent of total Panama Canal cargo tonnage... Movements 
of the remaining 25 percent of the traffic are analyzed in this section 
in relation to principal trade routes passing ‘through the canal. 
Analysis by trade route serves to disclose additional commodities that 
are important on one or more routes but are still relatively small in 
total traffic. In these cases the circumstances leading to movement 
on the particular routes were briefly examined, and estimates of the 
future outlook were made for the individual commodities. 

Analysis by trade route also ‘provides a systematic approach to 

jections of future tonnage in the large number of miscellaneous 
items classified as “All other commodities.” This heterogeneous 
group does not have the same composition on all routes, and examina- 
tion of its makeup under the differing conditions of the trade routes 
leads to better understanding of the factors that will influence future 
tonnage. 

Table V summarizes the projections of traffic in minor commodities 
on the basis of trade routes. Eighty-five percent of the tonnage in 
minor commodities in the period 1955~57 moved on eight trade routes. 
Attention is therefore concentrated on these routes In the paragraphs 
that follow, the principal routes are briefly discussed, oat the bases 
of the various projections are described. 


TaBLe V.—Summary of projections of Panama Canal minor commodities, by trade 
routes and direction of movement 


(Thousands of long tons} 


East coast, Un 
South America 
West coast, South America and Europe_._- 


ited States and west coast, 


; Tonnage in 1957 unusually high because of Suez Canal closure. 
Major growth dependent on sulfur. See text. 
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EAST COAST UNITED STATES-ASIA ROUTE 


In recent years this route has been by far the heaviest cargo ton- 
nage route ugh the Panama Canal, and in 1957, it accounted for 
one-fourth of the total cargo movements. The canal does not handle 
the entire trade between the United States and Asia. The route 
under discussion here concerns only the east coast and gulf coast of 
the United States, and it extends for practical purposes to Japan, 
the Philippines, Korea, China, Formosa, H Kong, Indochina, 
Indonesia, Thailand, and the British East Indies. Other ports in 
Asia are considerably closer to the east coast and gulf via Suez 
route, and tonnage to them via Panama is insignificant. 

Before the great depression, the pattern of world trade was such 
that the United States was a net importer of merchandise, in terms of 
value, from Japan and southeast Asia. ing the 1930’s, the United 
States developed an export surplus in its e with Japan, and its 
import surplus from southeast Asia declined. This change repre- 
sented largely the decline of the silk trade and price declines in Asian 
raw materials. During this time, Japan was developing i i 
trade with other areas of the Far East, particularly nehuria and 
Korea. This was facilitated by Japanese political control and asso- 
ciated colonial activities. 

In the period immediately following World War II, with the pro- 
ductive capacity of Europe and Asia seriously reduced, the United 
States developed an expert surplus to the entire Far East. These 
exports have been made possible by the American orci ae pro- 
gram and a expenditures in the area affected. e recent 
pattern of trade does not represent a commercially based exchange 
of goods and services and should on be viewed as tem . 
The nations of the Far East are, therefore, under pressure to develop 
trading patterns that will not depend on US. aid. 

The Asian countries could develop self-sustaining trade with the 
United States over this route based on expanding exports to the 
United States or other dollar areas sufficiently to support a high level 
of dollar imports. Or it could be achieved by reducing imports from 
the United States to balance ability to export to dollar countries and 
seeking to develop expanded trade in nondollar areas. A flow of 
U.S. private investment funds to the Far East could assist in achiev- 
ing a balance, but growing investments over time would be required 
to offset repayment obligations in order for this to be of longr 
assistance in maintaining U.S. exports. Unless there is the possibility 
of earning dollars by exports from the Far East, a large private invest- 
ment program is not likely to develop. The key to the longrun vol- 
ume of trade between the United States and the Far East should, 
therefore, be sought in the possibilities for economically advantageous 
exchange of goods and services. 

Cargo tonnage since 1937 on the east coast United States-Asia 
route is shown in table VI, indicating the direction of movement an 
principal commodities involved. Variations in the total of these 
movements cannot be directly explained by the general trade patterns 
just described for two reasons—only a portion of total U.S. trade is 
represented, and these movements are Measured in tons of cargo 
rather than value. Nevertheless, the major situation of present mm- 
portance is clearly illustrated. The dependence of Japan on the United 
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Taste VI.—Tonnages of major commodities on east coast, United States-Asia route, 
fiscal years 1937-57 


[Thousands of long tons] 


Atlantic to Pacific: 
Ammonium com- 
pounds. 


2, 214/2, 036)2, 072), 192)1, 016 
a 69} 81) il 


Subtotal 
Allother Panama Canal 
minor commodities __ 


2, 086)2, 281 |1, 879/1, 923/2, 065/1, 644/1, 965/1, 491/1, 689) 792) 512)1, 200)1, 540)1, 446 


' Includes 468,000 tons of ‘metals, various’’ and 86,000 tons of canned food. 

* Metals various: 1937, 286,000 tons; 1938, 549, tons; and 1939, 303,000 tons. 

‘Includes the item “‘all other and unclassified’ in the sources—which may contain small amounts of 
Panama Canal major commodities. 


Source: Panama Canal annual reports and statistical supplement to “‘ Forecast of Volume of Commercial 
Traffic Through Panama Canal,” by Ebaseo Services, Inc. 


States for raw materials obtained prior to World War II from Asian 
sources is shown in the heavy tonnage of coal, phosphates, rice, and 
soybeans moving from Atlantic to Pacific on the route. The most 
important question for the future is whether Japan will continue to 
draw on the United States for these and the other materials now mov- 
ing over the route. 

Currently Japan is seeking strenuously throughout Asia to develop 
sources from which she can obtain raw materials and foods in return 
for manufactured goods. As economic development proceeds in 
Asia, the developing countries will produce more consumer goods at 
home and reduce their imports of such items. Japanese textile ex- 
porte have already been affected by this tendency. At the same time, 
however, the growing economies have great need for machinery and 
industrial materials. Japan is already attempting to meet these 
needs, and change in the character of Japanese exports in this direction 


has begun. 
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Japan’s trade with China’and Korea is much smaller than before 
World War II, but Japan has been successful in developing a growing 
trade with other Asian nations and also with some African and Latin 
American countries.‘ In these areas Japan meets competition from 
the United States and Europe, but it seems a reasonable prospect 
that Japan can improve productivity in her industrial goods lines and 
become established satisfactorily in these trades. ‘ 

Trade with China, on the other hand, has been slow to develop, and 
it appears quite probable that the prewar trading relation between 
these countries will not be revived. China is undergoing rapid in- 
dustrial development and is producing domestically items former} 
imported from Japan. This is particularly true in textiles, whi 
formed 70 percent of Japanese exports to China in 1938. China is 
now even producing textile md ehbiety and other capital goods. 
Japanese foreign traders have recently expressed their disappoint- 
ment at the failure of trade with Chima to respond greatly to the 
relaxation of trade restrictions that took place in 1956. 

China does not lack basic resources and has reached a stage of in- 
dustrial development from which further growth can be sustained on 
a self-contained basis. For some time to come, however, the industrial 
growth of China could be accelerated with additional capital equi 
ment obtained from other countries. Securing such equipment vould 
be the trading objective of China. But the great need for consumer 

ds at home discourages the export of consumer items in trade. 
imilarly, shortages of raw materials for China’s own expanding in- 
dustries, owing to lagging development of resources, discourage ex- 
ports of raw materials. Frading by China is therefore likely for some 
time to be undertaken on a quite selective basis in order to exchange 
things needed at home for critical capital goods that are needed even 
more. A large volume of trade is unlikely on this basis. 

Over the longer term, China will probably remain quite self-con- 
tained because of her diversity of natural resources and practically 
unlimited needs at home for goods of all sorts. For this reason, 
China is not likely to become again a major source of raw materials 
for Japan. On the other hand, China may emerge as a strong com- 
petitor to Japan in the export markets for machinery, as this would 
involve the sale abroad of a high labor content and small materials 
component in the export goods. 

In possible shipments to the United States on this route, if political 
barriers to trade are eventually removed, China would probably be 
competing with Japan in manufactured goods. Ho bristles and 
tung oil were important prewar exports of China, but both now com- 
pete with new materials and would not be expected to become im- 
portant again. Japan has recently made some substantial gains m 
exports to the United States and is endeavoring to consolidate these 
gains through quality control and by avoiding flooding the market 
with cheap goods. It appears doubtful that the possible participation 
of China would add much to total movements on the route. 

By far the largest source of eastbound cargo on the east coast 
United States-Asia route is the Philippines. Chrome ore, sugar, 
canned pineapple, copra, and coconut oil from the Philippines made 





1 For a more detailed discussion of Japan’s economic gr3wth and trade, see the following United Nations 
documents: Economic Survey of Asia and the Far East 1956, February 1957, pp. 118-126, and A Studyof 
Trade Between Asia and Europe, November 1953, 
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up most. of the large commodity movements shown,in Table VI. 
This. tonnage will probably decline over the long run unless new 
chrome ore one are discovered, It is, unlikely that further devel- 
opment of Philippine resources and industries will lead to new large- 
yolume exports to the United States. Further natural resource 
development would either find strong home demand, as in the case of 
petroleum, or be more logically oriented to Asian markets, as in the 
case of iron ore. 

Before World War II, 83 percent of the exports of the Philippines 
went to, and 64 percent of imports came from, the United States. In 
1954, the United States purchased only 61 percent of Philippine exports 
but supplied 68 percent of the imports. These data are in terms of 
yalues. Before the war, the Philippines enjoyed substantial export 
surplus in merchandise trade with the United States Since the war, 
the opposite condition has prevailed, with the deficit being financed 
by American loans and aid. Under these conditions there is incentive 
to find other sources of imports. 

The primary reason why the United States has been the most 
important trading partner of the Philippines has been the preferential 
treatment each has accorded the products of the other. The elim- 
ination of tariff preferences has begun, and by 1974 the general tariffs 
of each nation are scheduled to apply. It is quite probable that 
European and. Japanese imports will become more important in the 
Philippines as this oceurs. 

Recent U.S. exports to the other areas on this trade route have 
been encouraged by military and foreign aid programs. The outlook 
for commercial exports from these areas to the United States that 


would provide a sustained basis for trade is not encouraging. The 
largest tonnage commodity from southeast Asia moving through 
the canal is rubber, but these movements SePREP ene only a small portion 


of total U.S. rubber imports, most of which move via the Suez route. 

The economies of southeast Asia could well complement that of 
Japan, or China, and the Japanese are working to develop markets 
and sources for materials there. Recent negotiations with India 
for joint development of iron ore deposits there indicate the kind of 
programs involved, An increasing Asian orientation of trade is 
therefore probable. 

The commodity studies summarized in section VI include the out- 
look for many of the important items on the east coast United States- 
Asia route. Brief comments on the remaining minor commodities 
are given below. ‘These comments do not represent intensive study, 
because of the relatively small tonnages involved and the need to 
limit the scope of the present investigation. 


Copra and coconut oil 


The postwar high in U.S. consumption of coconut oil was reached in 
1947 and was followed by several years of decline largely attributable 
to the displacement of soaps by synthetic detergents. Consumption 
of coconut oil has increased since 1953, however, because of appli- 
cation in various chemical processes, even including the manufacture 
of detergents. Consumption in edible uses has also increased. A 
special U.S. processing tax of 3 cents per pound, long applied to 
coconut oil, was repealed in the summer of 1957. This considerably 
improves the competitive position of coconut oil relative to other 
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oils, and trade sources have estimated an immediate increase jn 
consumption that may run as high as 10 percent. A growing share of 
these imports is in coconut oil rather than copra, with direct movye- 
ment through the canal to eastern consumers and less crushing of 
copra on the west coast. The combined tonnage of copra and coconut 


oil on the route is projected as increasing to 250,000 tons by 1975. By 


the end of the century the growth of the economy could carry this 
to 500,000 tons, although changes in technology could alter the 
situation greatly over such a long period. 


Rubber 


Natural rubber has recently been exactly Gypheated. by synthetic 
methods, and production costs of this synthetic wi probably 
eventually be reduced to a very competitive level. Total synthetic 
rubber production capacity in the United States was. substantially 
expanded in 1957. The long-range outlook for natural rubber imports 
is unfavorable, and total tonnage imported could well decline in 
spite of a large increase in rubber consumption. A projected volume 


of 100,000 tons annually over the long run is probably optimistic for 
the route. 


All other commodities, eastbound 


The remaining minor commodities moving in this direction are 
mostly U.S. imports of foods and manufactured goods from Japan. 
A recent study of U.S. imports concludes that imports of such items 
will rise in the future at a faster rate than incomes rise. In 
projecting imports of these kinds of goods to 1975, the study 
uses a ratio of imports to gross national 4 roduct of 1 early in the 
period, rising to 1.5 by 1975.2. Applying this ratio to projecting the 
ree ti minor commodity tonnage here, and extending the 1.5 
ratio to the end of the century, indicates tonnage of about 700,000 
in 1975 and an order of magnitude of some 1,500,000 tons by the year 
2000. 

Cotton 


The demand for cotton in the Far East should increase with increas- 
ing population and income in the area. However, part of a growing 
market for textiles will be met by synthetic fibers. There is a stro 
incentive to produce cotton outside the United States at the U.S. 
support price, and the “dollar shortage’’ problem further enco 
production in nondollar areas. Over the long run, the Asian countries 
should be expected to get a larger share of their cotton requirements 
outside the United States. However, U.S. cotton is desirable for its 
high quality and will probably retain a share of the market. In 
the absence of a detailed analysis, cotton tonnage on the route was 
assumed to average 300,000 tons annually over the long run, which 
is somewhat above the average for the postwar years. The extent 
to which synthetic fibers may affect this trade by the end of the cen- 
tury cannot be foreseen. 


‘ a Henry G. Aubrey, ‘‘United States Imports and World Trade,”’ Oxford University Press, 1957, pp. 142- 
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Lubricating oil 

This has been a small but significant tonnage item on the route for 
many years. Increasing use of machinery and automotive equipment 
in the Far East will increase the demand for lubricants. At the 
same time, however, petroleum refining will also increase in the area 
and should supply a major-share of the requirements. A continuing 
movement of 100,000 tons annually over the long run has been pro- 
jected, representing specialty items not available from domestic pro- 
duction in the importing countries. 
Rice 

With the possible exception of Japan, there are opportunities for 

eat improvement in agriculture among the countries of the Far 

ast. Such improvement is part of the economic development pro- 
grams of these countries, nti over the long run the area should be 
expected to achieve self-sufficiency in rice, with Japan drawing on 
southeast Asia for imports. In recent years, Japan has increased 

atly her consumption of other food grains, which has lessened 

oentiahes on rice. Rice did not move in significant volume on 
this route before World War II, and the postwar tonnage represents 
food shortages in the Far East that can be attributed in large measure 
to the war and subsequent disturbed conditions. Rice is projected 
as ceasing to move in volume on the route in the long run. 


Soybeans 

Japanese requirements will increase as population grows. The only 
big sources are the United States and China. This trade will depend 
largely on the export policy of China and on the availability of dollars 
to Japan. In 1952, the Japanese were existing on small imports— 
have increased these rapidly, mostly from the United States, as the 
economy expanded. 

United Nations population projections show an increase of about 
one-third in Japan by 1975. An increase in soybean tonnage to 
800,000 in 1975 therefore does not 7 excessive. A prosperous 
Japan by the end of the century co d take substantially more, but 
some adjustment in diets could occur by that time. A projection 
of 900,000 tons is included for the year 2000. 


All other commodities, westbound 


The volume shipped from the United States to Asia will be deter- 
mined by the availability of dollars in the Asian countries, Recent 
volume has been supported substantially by U.S. military and foreign 
aid expenditures, which are now declining in the area. 

A very large increase in tonnage movements to Asia has been 
projected in the major commodities summarized in section VI. How- 
ever, this is highly concentrated in coal to Japan, which will require 
very small dollar expenditures in relation to the tonnage involved. It 
is not possible to melude here a forecast of balance of payments 
developments for Japan or the other Asian countries, but the projected 
growth in westbound tonnage of individual commodities on this route 
is clearly not sufficient to offset in value the projected growth of 
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eastbound tonnage, expecially that of manufactured goods from 
Japan. While not conclusive, this strongly suggests that the east- 
bound growth can offset diminishing U.S. military and foreign aid 
expenditures and allow westbound tonnage of miscellaneous minor 
commodities at least to continue at recent levels to 1975. 

Beyond 1975 the continued growth in U.S. imports of finished goods 
which has been ee hers should allow for growth in the west- 
bound movement of these goods, which is projected at 1,800,000 tons 
for the end of the century. 

The projections for Panama Canal minor commodities on the east 
coast United States-Asia route are summarized below. 


(Thousands of long tons] 


Average, 
1955-57 


Atlantic to Pacific: 


Rubber, crude 
All others. 


11957 tonnage, 1955 and 1956 data are not available. 
U.S. INTERCOASTAL ROUTE 


The sea-borne trade between the east and west coasts of the United 
States once composed the largest volume trade route through the canal. 
Since World War II the route has diminished both in tonnage and in 
relative importance in the canal traffic. The composition of the ton- 
nage in past years is shown in table VII. It can be seen that with the 
exception of movements of petroleum products, the major toned 
items on the route have been quite stable over.a long period. _On the 
other hand, movements of miscellaneous items making up the “All 
Other Commodities” category have diminished sharply, both west- 
bound and eastbound, since World War II. 
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Tapue.VII.—Tonnages of major cnpmestites, on_U.S,.intercoastal route, fiscal years 
1937- 


[Thousands of long tons} 


Atlantic On ais in 
anned products... 
Cramicale unclassified -- 
Electrical apparatus 
Iron and steel 


tures 
Mineral oils: 
Lubrieating 
Other and unclassified - 
Sulfur 
Paper and paper prod- 
ucts 


Pacific to Atlantic: ; 
Penner and refrigerated 


Subtotal 
All othe 


All other Panama Canal 
minor commodities ! 


'Incindes the item ‘‘all other and unclassified’’ in the'sources+-which may contain small amounts of Pan- 
ama Canal major commodities, ; , 

1989, 226,000 tons of sugar, and 1938, 132,000 tons of sugar. : 

+ 1937; 140,000 tons of sugar, 140,000 tons of wheat, and 82,000 tons of ores,and metals, 


Sources; Panama Canal.annual reports and statistical supplement to *‘ Forecast of Volume of Commercial 
Traffic Through Panama Canal,” by Ebasco Services Inc. 3 


During the war the intercoastal service’ was susperided entirely, 
because of the requisitioning’ of ships for war service. During this 
period shippers ‘and receivers became accustomed “to using overland 
shipments and developed inventory policies based on the frequent 
delivery of small lots rather than on the: less. frequent, handling of 
large lots suitable for ocean shipment....In recent years the practice 
of operating with small inventories. has, become widespread in U.S. 
business and is not confined. to, intercoastal, shipping. . This trend 
tends to reinforce the effects that emerged from the war years. 

In recent. years the operating costs ofall forms of transportation 
have increased. However, costs, have advanced more. rapidly for 
imtercoastal ship operation than for the overland carriers. The inter- 
coastal route therefore does not now offer rates that are as fayorable 
in relation to overland transportation as it did in the prewar years. 

his change in costs and the emphasis on smaller shipments, plus 
less complicated documentation and claims procedure associated with 
overland shipments, have all contributed to the decline in intercoastal 


shipping. 
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The decline in intercoastal tonnage has occurred during & period of 
great growth in the U.S. economy, and it does not represent a lack 
of tonnage movements between the coastal areas. A rough indication 
of this can be seen in the tonnage moved by rail between California, 
Oregon, and Washington on the west and the New England, Atlantic 
Coast, and Gulf Coast States on the east. In 1950, about 12 million 
short tons of rail traffic moved between these areas. In 1955, this 
ee increased to 17 million _ 

significant increase in intercoastal tonnage appears contingent 
on changes in equipment and/or methods that aed make @ pa 
reduction in costs on the water route. Toward this end there has been 
work on techniques for handling cargo in large units, such as trailers, 
trailer bodies, and special boxes. These systems have numerous 
difficulties as well as their obvious advantages. Loss of stowage 
space in the ship and integration with other carriers to move the cargo 
on and off the docks are among these difficulties. The high cost of 
constructing a new, specialized ship for the intercoastal trade, where 
a U.S.-built ship is required and construction cost differential sub- 
sidies do not apply, is a further deterrent. After a long period of 
study, design, and cost analysis, American-Hawaiian Steamship Co. 
recently announced abandonment of plans to reenter the intercoastal 
trade with a fleet of fast trailerships. 

The outlook for future movements of heavy tonnage commodities 
on this route—lumber, canned goods, petroleum and petroleum 
products, and iron and steel manufactures—is discussed in the 
commodity studies summarized in section VI. The principal minor 
commodities are discussed briefly below. 

Lubricating oils 

This is treated as a minor commodity separate from the projections 
of petroleum and petroleum po covered as a Panama Canal 
major commodity in section on all the trade routes except the 
U.S. intercoastal route. This is done because most lubricants on 
the other routes move as packaged cargo. However, on the US. 
intercoastal route, the lubricating oils are largely partially processed 
material moving in tankers to refineries for further processing. In 
this case they have been included in the major commodity category 
with petroleum and other tanker products, and they are not included 
in the projections made here for the minor commodities. 


Chemicals 


Miscellaneous chemicals have been moving on this route in both 
directions in small but growing quantities. These shipments will 

robably continue to grow with further industrialization in the 
Western States. Sulfur is a substantial single item in the chemical 
field for which separate tonnage data are available on the route. 
Shipments have been declining for several years in spite of growing 
chemical industries in the West. The future of this movement 
(Atlantic to Pacific) is further clouded by possible large production 
of sulfur in western Canada in connection with the natural gas 
industry developing in that area. 
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Dried fruit 

The tonnage of dried fruit shipped on the route from the west 
coast has been fairly stable since 1950, but it is only about half of the 
prewar volume. This reflects both a decline in total consumption of 
dired fruit in the United States and increased competition from 
overland carriers. In view of these developments there is no basis 
for expecting significant changes in the volume of this item in the 
future. 


Wood pulp and paper 


There have been long-term movements of these products in the 
intercoastal trade, with a from west to east and paper 
moving from east to west. Ip a were heavier during the 
1930’s than they have been since World War II. In recent years, 

ulp capacity in the Southern States has expanded substantially. 
The available softwood supplies in the South are currently being 
rather fully utilized, and some growth in shipments from the west 
coast may therefore occur in the near future. However, the demand 
for dissolving pulp is not expected to cy rapidly, and processes to 
utilize eastern hardwoods will probably be developed eventually. 
ee the long term, intercoastal shipments of pulp are expected to 
ecline. 

Paper and paper products have moved to the west coast in quite 
stable volume for many years. This represents largely special varie- 
ties not produced in the West. However, as western markets grow, 
more and more papermaking capacity is expected to be installed in 
the West, and more varieties will be uced there as markets expand. 
These intercoastal shipments are therefore expected to decline over 
the long run. The West will eventually become a net exporter of 
paper and board based on the favorable raw material situation in the 

est. However, as this occurs, shipments are likely to be directed 
to the Middle West rather than to the Eastern States, and in this 
case they would move overland. The outlook is therefore for a decline 
in paper tonnage on this route also. 


All other minor commodities 


The tonnage of all other minor commodities in both directions on 
the U.S. intercoastal route has been declining slowly on average during 
the 1950’s. This is a result of the general factors influencing the 
intercoastal trade that were dtecuaaie earlier. In the absence of a 
major change in methods or equipment on this route that would 
reduce costs substantially, there is no basis for expecting a change in 
this trend. 

Summary 


The only minor commodity group on this route for which some 
future growth in tonnage appears likely is chemicals. However, 
recent growth in this group has been insufficient to offset declines in 
the other minor commodities Atlantic to Pacific, and it has held the 
Pacific to Atlantic tonnage in minor commodities about constant. 
In view of recent experience and the outlook for particular commodities 
summarized above, the total Atlantic to Pacific tonnage is projected 
as continuing to decline gradually, while that in the opposite direction 
is projected at the recent level, yielding the results summarized below. 
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[Thousands of long tons] 
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In the event that a major reduction in the costs of intercoastal 
shipments should occur, these projections would be greatly. exceeded, 
since. the volume of overland traffic between the coastal areas of the 
United States is great and is growing. 


EAST COAST UNITED STATES-WEST COAST SOUTH AMERICA ROUTE 





This route is an outstanding example of the. exchange of manufac- 
tured goods for raw materials. .The tonnage is much heavier north- 
bound, owing to the bulky materials originating in South America 
and nearly all of this tonnage is covered in the major Panama Ca 
commodities summarized in section .VI., The movement: of minor 
commodities is greater southbound and represents a large variety.of 
U.S. manufactures. (See table. VIII.) , Before..,considering.. this 
movement, however, it is convenient to project the northbound ‘ton- 
nage of minor commodities over, the route, because the exports. of the 
South American countries must provide the basis for their.southbound 

imports, 













TaBLe VIII.—Tonnages of major commodities on east coast United States-west 
coast South America route, fiscal years 1937-57 


[Thousands of long tons] 


1957 | 1956 | 1955 | 1954 | 1953 | 1952 | 1951 | 1960 } 4949 | 1948 | 1947 | 1939.| 1938 | 1997 






Atlantic to Pacific: 
Automobiles and acces- 





















Soviets. bo2 ici: 64) _ 58) 73} 63) 61). 68 42 
Coal and coke 214; 159) 168] 225) 225| 260 78 
Iron and steel manufac- 

DOOD. .atnenocutiibaees 157} 124 96; 100) 141] 161 150 
Machinery - -----.-.--- 79| 73) 54) 52) 70) 7 68 
Mineral oils: 

Lubricating phe 55] 64) 45) 44). B77), 88 26) 

Other and unclassified.| 7 69} 49) 55) 61) 71 33 
Wee rg2t i 254] 178} 92) 36) 89) 15 65} °° 70) 46) «(14).----)- BL 

Oe biieina cuties 898) 725) 577| 575| 784) 686 462 
All other Panama Canal 

major commodities - .. 62} 70) 47) 37| 24 16 12 
All other Panama Canal 

minor commodities '!...)| 505) 500) 467) 414) 249) 429 300 


——— |< | — — | —— | ——— | ———_ ] —_ | | S| S| SES SS FLT 


Total... ....-....-..}1, 465)1, 295)1, 091)1, 026}1, 057}1, 131 




























Pacific to Atlantic: 
Ek ane 468; 505) 476) 360) 402) 332 
Coffee... 2.....--....----}|, 178} 203] 185} 199} 180) 164 
Nitrates ___ iin, 468) 495) 597 
Ores and metals._—-..._. 4, 567/3, 548)3, 467/4, 411/2, 704/2, 795/3, 
BUS0F sb... ta -5 +02 4- - 46, 48) 62) 35) 47) 12 





—— | | |} | —————_ } —_—_ |__| —___ | —___ | —__} —__ |__| __—__ _] 


Subtotal._.............|5, 727|4, 799)4, 787|5, 518)4, 016/3, 842/4, 161/3, 766/4, 307|3, 281/2, 622/2, 331/2, 288/2, 210 
All other Panama Canal 


major commodities. -.- 8 8 8} 9} 15) 18 
All other Panama Canal 
minor commodities !__. 












153} 90) 83) 119) 117 


— |\———- | —_— | —— | ——— | | | | | | | ——_|——_ } —— 





3 Includes the item ‘‘all other and unclassified” in the sources—which may contain small amounts of 
Panama Canal major commodities. 


Sources: Panama Canal annual reports and statistical supplement to ‘‘Forecast of Volume of Commercial 
Traffic Through Panama Canal,” by Ebasco Services Inc. 
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All minor commodities, Pacific to Atlantic 


The minor commodities originating on the west coast of South 


“America are mostly agricultural products and other raw materials of 


various sorts. From 1950 to 1957, tonnage of these items on the 
route increased about 40 percent. This is faster than the U.S. gross 
national product increased over the same period. Nevertheless, 
US. gross national product is probably the best general indicator of 
future growth of this tonnage. In view of the record of the past 7 
years, a projection of growth in the same proportion that U.S. gross 
national product is expected to increase is probably conservative. 
This is the basis used for the projections, however, and ‘if’ yields ton- 


‘nages of 500,000 for 1975 and about 1 million for the year 2000. 


All minor commodities, Atlantic to Pacific 
These movements consist largely of miscellaneous manufactures 


and industrial supplies, the future tonnages of which will be deter- 


mined by the! supply of dollars available to the South American na- 
tions. The populations of these nations are increasing, and they are 


‘seeking to expand their economies through. industrialization and. in- 


creased output of their natural resource materials. Consequently, 
desires. for both consumer products and industrial goods are expand- 
ing. It may be safely assumed that'these desires will equal,or exceed 
the ability of the west,coast nations .to earn dollar exchange for many 
years to come. Therefore, the key, to the southbound movement of 
minor commodities must be sought ‘in, the export, potential of the 
South American countries..This potential lies in the commodities 


presently. being exported, which are covered in the minor commodity 


group. just discussed, and, in: the commodity studies. summarized in 


-section, VI. The projections that have been made for’ these major 


and minor commodity exports can, therefore, provide a guide to the 
growth of the southbound tonnage of minor-commodities. 

The important items. in increased exports: projected for the west 
coast of South America are copper and irom ore))The exports and 
imports of the other major commodities are largely offsetting. The 
copper tonnage is projected to increase about 85 percent, and the iron 
ore to.increase about 150 percent. An approximate overall doubling 
is therefore indicated. If this is considered to provide the basis for 
a similar doubling of the west coast imports of minor commodities, 
an increase in minor commodity tonnage of about 1 million tons over 
the 1955-57 average would be indicated for 1975. 

A rough estimate of the export surplus arising from the projections 
of Panama Canal major commodities originating on the west coast of 
South America can be made by valuing the projected ‘increases in 
tonnage at the approximate prices of the materials involved and off- 
setting against this a similar calculation for the projected imports of 
the major commodities. Such an estimate indicates a net gain of 

* “As already pointed out, industrialization, because it has been confined within the limits of each coun- 
try’s domestic market, instead of bringing about ter diversification, has produced no new exports and 
has actually discouraged others by competing for the factors of production, thus tending, to a certain extent, 
- concentrate Latin American exports within a smaller number of goods, highly vulnerable to fluctuations 


the terms of trade. Far from achieving the distribution of exports over a wider renee of markets and 
Feeenet, trade—especially within the region—is moving in the opposite direction, and this shows signs of 
g a long-term trend. Certain raw materials of secon value are playing a lesser part in trade at the 
very time when it would be both possible and desirable for them to help augment it. Foreign trade con- 
fined to a few lines and countries, in which the United States and Europe are of paramount importance 
and the share of the region itself is small, does not offer the most ee a for industrialization of 
Latin America.” (United Nations, Department of Economic and Affairs, “Inter-Latin Ameri- 
can Trade: Current Problems,” 1957, p. 100.) 


57677—_60—_8 
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about $400 million annually by 1975 over the average level of 1955-57, 
In relation to the tonnage growth ested above, this would imp] 
an average value of $400 per ton for the southbound minor co: bs 
ities that could be supported by the growth in major commodity ex- 
ports. This is a reasonable figure in view of the nature of the goods 
involved. 

The foregoing figures on major commodities apply to the entire 
Pacific to Atlantic movement of the items from the west coast of 
South America. Europe is a major destination for these commodities 
in addition to the United States. Therefore, the entire return flow 
of minor commodities made possible by the growth of the major 
exports will not occur on the route under discussion here. Since shi 
ments from both Europe and the east coast of the United States will 
come through the canal, it is not necessary to be concerned with the 
exact division of ca between these two areas of origin. For pres- 
ent purposes it will be assumed that the 1 million tons of Atlantic to 
Pacific minor commodities that should be supported by increased 
major commodity exports in 1975 will be divided equally between 
origins in Europe and the United States, assigning a growth of 500,000 
tons to each. 

On this route, a growth of 200,000 tons ns 1975 was projected above 
for minor commodities moving Pacific to Atlantic. These additional 
exports, consisting mostly of raw products, will also support some 
return movement of minor commodities. However, since the return 
movement will average considerably higher in value per ton, the 
additional tonnage that should be allowed for on this basis is not 
great, and 50,000 tons is probably a reasonable approximation. This 
would yield a total gain in sunthioreall minor commodities of 550,000 
tons in 1975 on the basis of projected increases in northbound move- 
ments of both major and minor’commodities. Added to the*average 
tonnage already existing on the route in 1955—57. this would indicate 
& totel volume in 1975 of about 1,230,000 tons. 

From 1975 to 2000, iron ore shipments from the west coast of South 
America have been projected as declining; and while copper is pro- 
jected to increase, the additional quantity 1s less than that expected to 
be added between 1957 and 1975. Projections of other major com- 
modity exports to 2000 show relatively small changes. In keepi 
with these indications, the increase in minor commodities southbo 
between 1975 and 2000 is projected as being less than the gain expected 
before 1975, and a total of 1,600,000 tons is projected for 2000 on this 
route. The projections for the minor commodities in both directions 
for the east coast United States-west coast South America route are 
summarized below. 

[Thousands of long tons] 


Atlantic to Pacific: All minor commodities 


Pacific to Atlantic: All minor commodities. ...........----.-. 
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WEST COAST SOUTH’ AMERICA-EUROPE ROUTE 


The west coast of South America trades with Europe in much the 
same pattern that it trades with the east coast of the United States, 
exchanging raw materials for a great variety of manufactured goods. 
(See Table IX.) The future of this trade will be determined by the 
same factors discussed in connection with the route to the east coast 
of the United States. 


Taste 1X.—Tonnages of major commodities on west coast South America-Europe 
route, fiscal years 1937-57 


1953} 1952 | 1951 | 1950 | 1949 | 1948 | 1947 | 1939 | 1938 | 1937 


12 
90) 
18 


83 
16 
95 
20 
18 
2 
13 
287 
54 
160 
461 


odities. ._. 


1 Includes the item “‘all other and unclassified” in the sources which may contain small amounts of 
Panama Canal major commodities. 


Sources: Panama Canal Annual Reports and Statistical t to ‘“‘Forecast of Volume of Com- 
mercial Traffic Through Paname Canal,” by Ebasco Services, Inc. 

It is more difficult to project the way in which the total trade of 
the west coast of South America with in and the United States 
will be divided between the latter areas than it is to project the total 
trade. European competition with U.S. exports has become more 
intense in recent years. However, over the longer run, Europe will 
probably become more oriented to Africa as a source of raw materials 
than at present. Fortunately, for purposes of estimating future 
Panama Canal traffic, the division of trade between the United States 
and Europe is not important, since the canal is involved in both cases. 

The net changes in projected movements of the major commodities 
from the west coast of South America were estimated in connection 
with the route to the east coast of the United States. The net in- 
crease in total South American exports of major commodities is 
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divided between the United States and Europe, allowing one-half to 
Europe. The estimate of minor commodity movements from Euro 
to the west coast of South America is derived below in relation to 
these major commodity exports, plus an allowance for some incréase 
in minor commodity exports to Europe. If the development of 
triangular trading relations in the future produces a different division 
of traffic between the United States and Kurope, total Panama Canal 
traffic should not be significantly affected. ‘1 16 

As in the case of the traffic from the United States, the Atlantic to 
Pacific movement of minor commodities on this route will be geared 
to the availability of foreign exchange’ earned by South American 
exports. The outlook for’ minor’commodity exports from that 
area on this route is, therefore, considered first in deriving projections 
of the total traffic on the route. 


Pacifie to Atlantic tonnage of minor commodities 


The minor commodity exports from the west coast of South America 
on this-route consist largely of raw materials, of which’ cotton makes 
up the largest single tonnage item. ‘The total tonnage of these minor 
commodities has shown steady growth during the postwar period at 
a rate considerably faster than gross output has increased in Euro 
and reflects the rising needs of the European nations for raw materials, 
Over the long term, however, Europe is expected to secure-an increas- 
ing proportion of raw material imports from Africa, with a consequent 
lessening of dependence on, South América: In view of ‘this; it is 
believed appropriate to project future growth in minor commodity 
traffic on this route about in proportion to expected increases in 
output in Europe.. On this basis the projected tonnages are 550,000 
for 1975 and 1 million for the:end of sleacdaba. 


Atlantic to Pacific tonnage of minor commodities 


The projected movements of major and minor commodities from 
South America to Europe provide the basis for the return flow of 
manufactures and industri] materials making up the minor com- 
modities moving Atlantic to Pacific on this route. In the discussion 
of the east coast United States-west coast South America route, the 
total Atlantic to Pacific movements of minor commodities that.could 
be supported by projected increases in major commodity exports 
‘from: South America were derived. One-half of these return move- 
ments in 1975, or 500,000 tons, were assumed to come from Europe 
“over this route. In addition, some allowance must be made for 

return movements based on growth in minor commodity exports to 
Europe ‘as projected in the precéding paragraph, The increase in 
such exports by 1975 was projected to be /224,000 tons...The returm 
movement of manufactures and industrial materials will have a higher 
average value per ton than most of the items ineluded in this figure, 
although the cotton from South America has a high value per ton. 
As an approximation, the return tonn based on these minor 
commodity exports is projected as 75,000 for 1975. A total increase 
of 575,000 tons by 1975 is therefore indicated, making the. total minor 
commodity tonnage in that year approximately 1 million. 

As described in connection with the east coast United States-west 
coast South America route, the increase in major commodity exports 
from South America in the 1975-2000 period is projected as less than 
the increase in these items before 1975. The increase in the return 
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flow of minor commodities should accordingly be scaled down. For 
the route being considered here, total Atlantic to Pacific tonnage of 
minor commodities at the end of the century is projected as 1,400,000. 
The projections for the minor commodities in both directions on the 
west coast South America-Europe route are summarized: below. 


[Thousands of long tons] 


Atlantic to Pacific: All minor commodities 
Pacific to Atlantic: All minor commodities 


WEST COAST CANADA-EUROPE ROUTE 


This route is similar to the west coast of South America routes just 
discussed, in that it has a heavy movement of raw products to Europe 
and a much smaller tonnage consisting mainly of various manufactured 
goods moving back to Canada from Europe. The heavy tonnage 
items are lumber and wheat, both major Panama Canal commodities 
covered in the studies summarized in section VI. The shipments of 
iron and steel manufactures are also covered in this manner. In the 
last 3 years, barley has been an important item not previously con- 
tributing significant tonnage. The movements of other mimor com- 


modities on the route have been small in both directions. (See 
table X.) 


TaBLE X.—Tonnages of major commodities on west coast Canada-Europe roudle, 
fiscal years 1937-57 


(Thousands of long tons] 


Atlantic to Pacific: 
Automobiles and parts - - 


Iron and steel manufac- 
tures. 
Liquors and wines 


Subtotal 
‘All other Panama Canal 
major commodities... 
All other Panama Canal 
minor commodities 1... 


Subtotal 
All other Panama Canal 
major commodities -._. 
All other Panama Canal 
minor commodities 1... 


‘Includes item “all other and unclassified” in the sources which may contain small amounts of Panama 
Canal major commodities. 


Sources: Panama Canal annual reports and statistical supplement to “Forecast of Volume of Commercial 
Traffic Through Panama Canal,” by Ebasco Services, Inc. 
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The movements on this route are a small part of the total trade of 
both Europe and Canada. To analyze them in the context of the total 
trade would require study of many factors unrelated to the Panama 
Canal. In view of the small tonnage of minor commodities on this 
route, such a broad study is unwarranted for canal traffic projection 
purposes. It is therefore necessary to consider these movements on 
the basis of a more limited approach. 


Pacific to Atlantic 


Barley.—Small quantities of barley have been shipped from Canada 
to Europe on this route for many years. In only the last 3 years have 
significant tonnages developed. Even these tonnages are a small 
part of total European imports of barley, which come from numerous 
other sources, including the east coast of Canada. It is characteristic 
of widely traded agricultural staples that individual movements vary 
quite widely from time to time because of crop conditions in particular 
areas. For example, European barely imports were especially heavy 
in 1956, owing, oddly enough, to an unusually good wheat crop in 
Europe. In most years, European weather conditions produce a large 
quantity of low-grade wheat that is used for feed. In 1956, the crop 
was of unusually high quality, which led in turn to a shortage of feed 
grains and higher imports in that category. At the Panama Canal, 
this effect was more noticeable on aslen shipments from California 
than from Canada, but the incident served to illustrate the difficulty 
of analyzing barley movements on the basis of short periods. 

For present purposes, barley shipments on this route have been 
projected at the average level of the last 3 years. Since purchases in 
Canada must be paid for in dollars, the European countries will 
probably tend to minimize such purchases, which may serve to 
prevent growth of these movements or to reduce them to the levels 
characteristic of earlier years. However, if the pattern of production 
and shipment in Canada is changing in favor of west coast exports, 
further growth in this movement might occur. It was not within the 
scope of the present study to investigate these basic conditions in a 
major agricultural commodity, and a considerable amount of un- 
certainty must be acknowledged in this projection. 

Woodpulp.—The growth of the European economy will create 
increasing pressure on European supplies, probably leading to increas- 
ing imports. The west coast of Canada has a large supply potential. 
It is a reasonable expectation that the combined movement of wood- 
pulp and paper on this route will increase approximately in proportion 
to the growth of economic output in Europe, and the projections are 
made on that basis. 
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Other minor commodities, Canada to Europe -—These movements are 
small, have been relatively stable, and consist mainly of prim 
roducts. European demand for such coe will undoubtedly 
increase, but owing to the possibility of alternate sources and lack of 
growth in this group in the past, future growth at a rate less than that 
expected in the European economy as a whole has been projected. 
Other minor commodities, Europe to Canada.—This group consists of 
miscellaneous manufactures which should be in increasing demand 
as the economy of western Canada continues to develop. No pay- 
ment problem should be involved, and it is a matter of European 
suppliers competing with those in the United States and elsewhere. 
Growth of tonnage approximately in proportion to the expected eco- 
nomic expansion of western Canada has Beadi projected. ojections 
for minor commodities in both directions on the west coast Canada- 
Europe route are summarized below. 


(Thousands of long tons] 


WEST COAST UNITED STATES-EUROPE ROUTE 


Despite the increasing industrialization of the west coast of the 
United States, this route remains essentially a flow of foods and pri- 
Oy products to Europe in exchange for a variety of manufactured 
products. Tonnage eastbound on the route has been relatively stable 


except for recent movements of barley and wheat (see table XI). 
Shipments from the United States to re remain considerably 


below prewar, since the trade in fresh, dried, and canned fruit has 
never fully recovered, and there are no longer large shipments of 
petroleum products from California. The sudden increase in to 
in 1956 and 1957 is due to large movements of barley in 1956 and of 
wheat in 1957. Shipments from Europe to the United States have 
Nn growing since the war and are at approximately the prewar 
volume, although the importance of some commodities has changed 
substantially. 
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TaB_e XI.—Tonnages of major commodities on west coast U.S.-Europe route, 
fiscal years 1937-57 


(Thousands of long tons} 


1957 | 1956 | 1955 | 1954 | 1953 | 1952 | 1951 | 1950 | 1949 | 1948 | 1947 | 1939 | 1938 | 1937 






Atlantic to Pacific: 
Ammonium compounds.| 36) 47) 37) 37| 23) 23) 23) (11 
Automobiles.and parts. . 71 a4 Oa 12) 21 10 ll 5 
CONG Sn tbat nase 25; 23) 2 9° 50; 49] 47) 24 
Fertilizers, miscellane- 

ous and unclassified...| 28) 54) 60) 72) 47) 40) 33) 12 
Glass and glassware. _-_- 31; +37} #23) 16 #14 #10) 13 5 
Iron and steel manufac- 





a | mn | | a fe fm | ee feet 


All other Panama Canal 
major commodities - - -- 7 9 «616 6} 30) 55)'102) 76 

All other Panama Canal 

minor commodities 3... 







Ean cleetn en shies 63 lll 

Canned food products... 35) 30) 45 

Cotton, raw............. 116 7i} 118) 115 84; 101 68} 112 
BeUie, MOSECL.. 52... .4S 126} 147} 93) 144) 110) 114) 83 

ROOT uiiicckipetncsss 125) 109} 95) 126) 94) 382) 305) 151 

Rc csnmiceeseahs 946} 62) 41) 33) 284) 136) 380) 121)...-- 
Dried fruit.............- 83} 84) 59) 60) 113) 77} 45) 95 
Barley......----.- imcetiebd 66; 911}; 146 2 12 38 66 17 


Metal, scrap......--....- 29 3} . 81 q 


MIDSOCRL, 555... nnnba 1, 753}1, 645 795) 989}1, 103 948] 883/1, 619]1,370 
All other Panama Canal 
8 563] 4 622) § 629) § 465 


major commodities - - .- 46) 182} 174) 56) 65/2197) 57) 40 
442| 336) 102) 137 


All other Panama Canal 
minor commodities *...| 376} 272 165} 149) 167) 108 


picntdnatbbacdite 2, 175}2, 099/1, 456) 885/1,025)1, 335)1, 327 794/1, 953)1, 841 /2, 350|1, 972)1, 435 












































180,000 tons of metal. 
2 101,000 tons of mineral oil, 
3 215,000 tons of coal, 143,000 tons of iron and steel manufactures, and 101,000 tons of mineral oil. 
# 174,000 tons of iron and steel manufactures and 333,000 tons of coal. 
5 Mineral oil, 606,000 tons, 1939; 420,000 tons, 1938; and 511,000 tons, 1937. 
§ Includes item ‘‘all other and unclassified” in the sources—which may contain small amounts of Panama 
Canal major commodities. 


Sources: Panama Canal Annual Reports and Statistical Supplement to“ Forecast of Volume of Commer- 
cial Traffic Through Panama Canal,” by Ebasco Services Inc. 


Atlantic to Pacific 


Paper and paper products have been among the larger items moving 
in this direction. hs explained in connection with the United States 
intercoastal trade, expansion of the market for paper in the West is 
expected to lead to more production in that region and a consequent 
decline in imports. Growing demand in Europe and noe 
sure on European materials sources are expected to lead to higher 
costs and smaller export supplies there. Movements in this category 
are projected to decline about one-half by 1975 and to disappear as 
significant tonnage by the end of the century. 
Automobiles, on the other hand, are the source of rapidly growing 
tonnage on this route. A large part of the U.S. market for foreign 
cars is on the west coast. The future of this movement depends on 
a number of unpredictable factors. In spite of a very rapid growth 
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rate for several years, sales of foreign cars are still an extremely small 

rcentage of total new car sales: The share of the market that can 

captured by the small car in the long run is still a matter of much 
speculation in the auto industry. Future eee depend not only 
on this share but also on whether major U.S. producers decide to 
manufacture small cars domestically: Present indications point to 
further growth in small car sales, which would mean increasing tonnage 
on this route. If. this growth is very large, additional domestic 
manufacturing may be forthcoming. In this case, automobile tonnage 
on the route could well reach a peak from which it: would decline 
by 1975. 

The 1975 projection includes 250,000 tons for automobiles, some- 
what more than three times the 1957 volume. While there is no 
specific basis for this number; further growth in the small car market 
appears quite probable, and imports can. probably increase substan- 
tially before evoking major domestic competition. In the event of 
very large growth in small car sales, foreign makers could be expected 


to retain a share of the market: For present purposes this projection 


is believed to be a reasonable handling of the problem. For the year 
2000 there is no real basis for projection of this item. The 1975 
tonnage has been assumed for this year also. 

The remainder of the westbound tonnage in minor commodities is 
dispersed among a variety of manufactured items. Continued growth 
in this traffic should accompany rising income on the west coast, 
where spendable income is expected to double by 1975. A recent 
study - U.S. imports was cited in this connection in the discussion 
of the east coast U.S.-Asia route. Using the ratios of imports of 
manufactures to gross national product cited there for projecting the 
remaining westbound minor commodities on this route gives 725,000 
tons for 1975. While this seems like a large growth, it is not incon- 
sistent with recent experience. The average tonnage of these items 
increased from 108,000 in 1948-50 to 290,000 in 1955-57. Continua- 
tion of this trend and relation to income growth in the West would 
indicate tonnage of at least 1,500,000 by ihe end of the century, and 
this is taken as the projection for that time. 


Pacific to Atlantic 


Fresh and dried fruits have long been important among the minor 
commodities moving in this direction. Both items are below the 
volumes typical of the prewar period. This is the result of a variety 
of factors—changingt astes, scarcity of dollar exchange, more European 
production, and competition from other areas. With the prospect 
for higher incomes in Europe the volume of fresh-fruit shipments is 
expected to show further growth. However, the possibility of a shift 
away from these items in favor of relatively greater consumption of 
processed fruits, as has occurred in the United States, must also be 
considered. In view of these factors, an increase in these items to 
325,000 tons in 1975 has been included in the projections for the 
route. In the more distant future, other supply areas will probably 
become more important, and a total of 350,000 tons is projected 
for the end of the century. 
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Borax is a basic industrial material in which tonnage has been 
inereasing steadily. It should continue to grow approximately ip 
rae age to industrial output in Europe and is projected on that 

asis. Foreign sources of cotton are expected to compete strongly 
with the United States on the basis of price. However, U.S. cotton 
is high quality and should hold a share of the market. The volume 
of western production is governed by the U.S. acreage control 
which could be an important factor in the future. In the abet of 
detailed study of the complex cotton trade, volume is projected for 
present purposes at a level typical of recent years. 

The remaining minor commodities moving from the west. coast to 
Europe are largely agricultural products individually moving in small 
volume. The large tonnage of barley in 1956 was due to unusual 
circumstances in Europe described in connection with the west 
coast Canada-Europe route. The heavy wheat shipment in 1957 arose 
from the U.S. surplus disposal program under Public Law 480. Ship- 
ments of this varied group were rather high immediately after the war 
but declined to 1950. toon 1950 growth has been fairly steady. 
This tonnage is projected as growing in proportion to gross product 
in Europe, reaching 800,000 by 1975. Other areas may be more 
competitive in producing these commodities in the more . distant 
future, and the projection of 1 million tons for the year 2000 allows 
for this development. 

The projections for minor commodity traffic on the west coast 
U.S.-Europe route in both directions are summarized below. 


[Thousands of long tons] 


Atlantic to Pacific: 
Paper and paper products 
—— and parts. 


Pacific to Atlantic: 
—_ and dried fruit 


EUROPE-AUSTRALASIA ROUTE 


Cargoes on this route are foods and primary products destined for 
Europe, and a great variety of manufactured items being shipped to 
Australasia. e main commodities bound for Europe are Panama 
Canal major commodities, the outlook for which is summarized in 
section VI. The Australasian areas important in this trade are New 
Zealand and the islands of Oceania. Australia is closer to Europe 
via the Suez route, and most of her trade moves in that direction. 
In 1957, tonnage bound for Europe on the Panama route was sharply 
higher than in previous years, no doubt reflecting the influence of the 
Suez Canal closure. (See table XII.) 
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Taste XII.—Tonnages of major commodities on Hurope-Australasia route, 
fiseal years 1937-57 


[Thousands of long tons} 
1957 | 1966 | 1956} 1954 | 1953 |; 1952 | 2051,| 1960} 1940:| 1948 | 1047 |, 1939 }.1988 | 1937 


Atlantic to Pacific: 
Automobiles and parts_- 


453) 471 
993) 1, 074/1, 185/1, 129 


Pacific to Atlantic: 
Canned and refrigerated 


Sxersee 


Subtotal 2) 1, 037 
All other Panama Canal 

major commodites 
All other Panama Canal 

minor commodities 3...) 212} 110; 119) 113) 150) 162 


a. - 


1, 968) 1, 197|1, 144}, 162}1, 202)1, 213 


' High movement of mineral oils: 1954, 208,000 tons; 1953, 131,000 tons; 1955,56, 000 tons; 1952, 22,000 tons. 

2 Ineludes 34,000 tons of coal. 

* Includes item ‘All other and unclassified’ in the sources—which may contain small amounts of 
Panama Canal major commodities. 


Sources: Panama Canal Annual Reports and Statistical Supplement to ‘‘Forecast of Volume of Commer- 
cial Traffic Through Panama Canal,”’ by Ebasco Services, Inc. 


Pacific to Atlantic 


Among the minor commodities, wool has consistently been the 
largest tonnage item moving in this direction. The tonnage was quite 
stable for a decade until 1957, when the effects of the Suez incident 
appear. In the projections for the route, wool tonnage has been held 
at the level of the 1950’s. While the consumption of fibers will no 
doubt increase in Europe, the production of synthetics has been slower 
to start there than in the United States. An allowance for synthetics 
taking a growing share of the market should therefore be made. In 
the United States, both per capita and total consumption of wool 
have declined in recent years. It is not feasible to study ible 
redistribution of the European market among competing suppliers for 
purposes of this traffic projection. Therefore, continuation of the 
stable volume of recent years appears to be the most reasonable 

og 

opra has followed a pattern similar to that of wool on the route, 


pr 

being quite stable in volume since 1948 until the increase in 1957, 
The copra originates in the islands of British and French Oceania. It 
is Only a very small part of total copra shipments to Europe and 
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probably does not have a potential for very great: expansion. Oils 
and seeds from other areas may compete increasingly with copra in 
the future, and technological changes. may influence the demand for 
vegetable oils in the future. -However, since this copra comes from 
onial’areas, it should continue’to find a ready market in Europe 
even if conditions in the market change substantially. A ual 
growth has been projected to allow for some extension of plantings 
and improvements in cultivation in the islands. 
The other minor commodities bound for Europe consist largely of 
hides and skins, fruits, seeds, tallow, etc.—mostly from New Zealand. 
This group of commodities showed no growth in tonnage during the 
1950’s until the effects of the Suez incident became nsreneent in1957, 
While some growth in European demand will probably occur in the 
future, the failure of the tonnage to grow in recent years suggests a 
rather small potential for growth in the future. The projections. for 
1975 and 2000, therefor, allow for only nominal increases in tonnage, 


Atlantic to Pacific 


Shipments in this direction consist of a variety of industrial and 
consumer goods destined mostly for New Zealand and Oceania. 
Tonnage has grown during the 1950’s. It reached a peak in 1953 
and has since shown a leveling tendency at a somewhat lower volume, 
This route does not handle enough of the foreign trade of Australasia 
to allow any check of projected movements in one direction against 
those in the other direction to test the effects on the balance of trade. 
Further growth in the tonnage from Atlantic to Pacific will probabl 
be associated with the growth of the economy of New Zealand, which 
should continue at a modest rate. An increase in tonnage at a some- 
what faster rate than New Zealand population is estimated to increase 
has therefore been projected for 1975. In the absence of bench- 
marks beyond this date, a slower growth is projected to the end of the 
century. 

The projected movements in both directions on the Europe-Austral- 
asia route are summarized below. 



























[Thousands of long tons] 
Average, 
1955-57 


1 Tonnage in 1957 unusually high because of Suez Canal closure. 


EAST COAST UNITED STATES-AUSTRALASIA ROUTE 






The Australasian area served by this route differs from that on the 
Australasia-Europe route in that Australia, rather than New Zealand, 
is the most important origin and destination of cargo. The principal 
items. moving on this route are.shown in table XIII. Since World 
War IT, there has been a slight uptrend in tonnage in both directions, 
but the route has been remarkably stable both in total volume and 
in the relative importance of the main commodities. 










+ Sisss isi 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 115 
Taste XIII.—Tonnages of major commodities on east coast United States- 
Australasia route, fiscal years 1937-57 
[Thousands of long tons] 


1956 | 1955 | 1954 | 1953 | 1952 | 1951 | 1950 | 1949 


Atlantic to Pacific: 
Automobiles and parts -- 
Coke and coal 
Iron and steel manufac- 


88 8s 


Lubricating 104 
Other and unclassified_ 2 


Zaz 
ees se BB 


_ 
oo 


Subtotal 
All other Panama Canal 
major commodities 
All other Panama Canal 
minor commiodities 2_..| 179 | 184 | 158 


644 


% 
g 


Subtotal 
All other Panama Canal 
major commodities 
All other Panama Canal 
minor commodities 2... 22} 40| 37 


316 | 230 | 203 | 256 | 190 il 87 | 157 


1 63,000 tons of phosphate, 
4 Includes item “‘ All other and unclassified’’ in the sources—which may contain small amounts of Panama 
Canal major commodities. 


Sources: Panama Canal Annual Reports and Statistical eet to “Forecast of Volume of Com- 
mercia) Traffic Through Panama Canal,” by Ebasco Services, Inc, 


Atlantic to Pacific 


Sulfur is the largest tonnage item moving in this direction. Austral- 
ian requirements for this basic industrial material will increase with 
the industrial development of the country, which could mean signifi- 
cant growth in this item on the route. However, an alternate source 
of supply may be developing on the west coast of Canada in connection 
with natural gas production in Alberta. This development is still in 
too early a stage for its impact to be accurately appraised. The 
projections for the route include a large growth in sulfur tonnage, but 
it should be recognized that future shipments could be drastically 
reduced if a major supply develops in Canada. 

The second largest tonnage in this direction has been lubricating oil. 
Further growth in the economies of Australia and New Zealand will 
increase their consumption of lubricants, However, petroleum refin- 
ing has begun in Australia, and domestic production there will prob- 
ably be at least equal to the growth of the market. Imports of 
special products not made domestically will continue, and the projec- 
tions for the route include a continuation of lubricating oil tonnage at 
the current level. 

Among the other minor commodities, domestic production in 
Australia is expected to replace some imports in such things as auto- 
mobiles, casdanlionsdl machinery, and tinplate. However, the demand 
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for consumer goods and industrial materials and supplies from ‘the 
United States will probably increase as population and economic 
activity increase in the area. Being in the sterling bloc, the abilit 
of Australia and New Zealand to import from the United States is 
linked to the availability of dollars in the whole sterling group rather 
than directly to their own exports to dollar countries. An analysis of 
this broader problem cannot be undertaken in connection with these 

rojections. Future estimates for the other minor commodities are 
based on an extension of the postwar trend which has shown only a 
slight upward tendency. 


Pacific to Atlantic 


Wool is the largest of the minor commodities moving in this direc- 
tion. Wool consumption in the United States has been declining in 
the postwar period. The relative shares of domestic production and 
imports have varied considerably during the period, but domestic 
production appears to be in a declining trend. This could indicate 
that imports may be well maintained in spite of lower total consump- 
tion. ere appears to be no basis on which to expect significant 

owth in this trade, however, and the projections for the route 
include wool tonnage at the average level of recent years. The 
remaining minor commodities in this direction are small in volume 
and as a group give no indication of a trend up or down in the postwar 
period. They are projected to continue at the average level of 
recent years. 

Projections for minor commodities in both directions on the east 
coast United States-Australasia route are summarized below. 
















[Thousands of long tons] 












Atlantic to Pacific: 
Sulfur 
Lubricating oil 


All others. 





ALL OTHER TRADE ROUTES 






The eight routes already discussed in this section cover about 85 
percent of the total traffic in minor commodities. The remaining 
15 percent is scattered among numerous small tonnage routes ranging 
down to Canal Zone local traffic and the whaling trade to Antarctica. 
The combined tonnage mvolved is about 5 percent of total Panama 
Canal traffic. Since the complexity of analysis is not reduced by the 
small tonnages involved, very little of the study directed to the traffic 
projections should be devoted to detailed analysis of these movements. 
Consequently, it is necessary to deal with the remaining small routes 0 
a more general way than that selected for the larger routes. 
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Twelve of the small tonnage routes were given individual attention 
in the research to investigate whether there are possibilities for im- 
portant future changes in the tonnage of minor commodities moving 
on them. Individual projections were not made for these routes. 
Rather, indications of probable growth or decline were sought to 
assist in an overall evaluation of the outlook for all small routes as a 
group. Brief comments on the 12 routes follow. 


West coast United States-east coast South America 


This is essentially a petroleum route. The only minor commodity 
of significance is coffee, for which the tonnage has declined slightly 
since World War II. The minor commodities as a group have not 
increased in tonnage on the route in the postwar period. There is 
presently no obvious source of additional minor commodity tonnage 
of importance. 


West Indies-west coast South America 


This is also a petroleum route, with small tonnages of sugar and 
nitrate in addition. There has been no significant movement of 
minor commodities in the past, and none appear probable in the future 
owing to the general similarity of the areas involved. 


East coast South America-west coast South America 


This is another route largely devoted to petroleum, with some small 
sugar tonnage in addition. Ne o significant tonnage of minor commodi- 
ties has yet developed on the route. Possible future growth of inter- 
South American trade is not likely to produce much tonnage because 
of location factors, Argentina, Brazil, Chile, and Peru are either 
situated for trade along a single coast, are closer to each other via the 
Straits of Magellan, or have overland access. The future of this 
route involves mainly Venezuela and Colombia and the countries on 
the west coast. Unless some new material or unforeseeable situation 


develops, there appears to be no basis for large tonnage in minor 
commodities. 


East coast United States-Hawaii 


Traffic consists of canned pineapple and sugar eastbound and mis- 
cellaneous manufactures westbound. Of the latter, tin plate will 
poeehiy be supplied increasingly from the west coast of the United 

tates, as will other manufactured items. The tonnage of minor 
commodities on the route is no greater than now it was in 1939 in spite 
of large economic growth in Hawaii. This situation is likely to con- 
tinue in the future. 


West Indies-Asia 


_ Westbound this route has sugar, bauxite, and petroleum and no 
significant minor commodities. ere are no obvious large additions 
to the minor items. Eastbound movements are mainly a variety of 
manufactures. Japan will attempt to increase sales in Nollar markets 


such as Cuba and may succeed in expanding cargoes eastbound. 
However, it would require a severalfold increase from the present 
base of about 20,000 tons to become important. 

West Indies-west coast United States 


Petroleum makes up the westbound tonnage, while petroleum prod- 
ucts, canned goods, and lumber, plus paper, rice, beans, and other 
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minor commodities, move eastbound. Growing demand in the West 
Indies for these minor commodities is expected, but the east coast and 
gulf ports are also potential suppliers. 


East coast United States-west coast Central America and Mezico 


This is mainly a banana route. ‘There has been a Pros growth in 
minor commodity tonnage since World War II, and this growth will 
probably continue. 


East coast South America-Asia 


The principal factor on this route will be Japanese trade develop- 
ment activities, especially in Brazil, to which Japanese nationals are 
migrating in substantial numbers. Tonnage in both directions has 
expanded sharply in the last 5 years. In 1957, there were 79,000 tons 
of minor commodities westbound and 138,000 tons eastbound. It is 
not unreasonable to expect 250,000 tons in each direction by 1975, 


West Indies-west coast Central America and Mezxico 


This is essentially a Pe route, and the tonnage in minor 
commodities is very small. There is no apparent basis for a significant 
increase in these items due to the similarity of the areas concerned, 


Europe-west coast Central America and Mexico 


Coffee, cotton, and oilseeds are the principal items moving to Europe 
on this route. These products will probably face increasing competi- 
tion from African sources, since that area is developed with European 
capital and portions are integrated in the European Common Market. 
The considerable growth in tonnage since World War II is believed to 
represent European economic recovery. The increase in tonnage has 
leveled off in the last 3 years, which may be indicative of the future, 
No large growth is suggested by this situation. Westbound tonnage 
of manufactured goods will be influenced by competition of European 
sellers with United States and Japanese suppliers. Increasing tonnage 
of fertilizers will probably be offset to some extent by declining ship- 
ments of cement as the Latin American countries produce more of 
their own cement. No unusual growth seems inherent in this route. 


West Indies-Australasia 


Historically the traffic on this route is nearly all westbound, con- 
sisting of petroleum products and asphalt, mainly to New Zealand. 
Tonnage in minor commodities in addition to asphalt is slight. The 
route bas been very stable and will probably show no more than 
gradual growth. 

Europe-Asia 

The distance factor favors the Suez route from Europe to all of 
Asia. The usual traffic on this route consists of diversified small 
movements in both directions. These probably represent less than 
shipload cargoes on round-the-world services and on Japanese services 
that are operated as extensions of routes to the east coast of the 
United States. 

There was a very large increase in tonnage, particularly westbound 
in 1957. This seems rather clearly associated with the Suez Cans 
closure. Although not approaching the 1957 volume, the traffic 0 
1956 was significantly higher in both directions than in previous 
years. ‘This is believed to be due to new vessel services introd 
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by Japanese operators who have recently extended their routes to the 
east coast of the United States to serve European ports as well. There 
will no doubt continue to be heavy trade between Japan and Europe 
in the future, but it is difficult to foresee how much will be diverted 
to this route in view of the obvious advantages of Suez when only 
the European and Japanese ports are considered. An allowance for 
increased tonnage should be made in the projections to cover this 
situation. 


Summary of outlook for small trade routes 


A review of the foregoing 12 small routes indicates that no really 
large tonnage growth in minor commodities can now be foreseen 
onany of them. The total tonnage involved on these and the remain- 
ing small routes not specifically mentioned is small enough that a 
wide range in percentage change of tonnage on these routes will not 
have an important effect on the total Panama Canal traffic projec- 


tions. It is therefore believed adequate for present purposes to 

roject a moderate growth in this combined minor commodity tonnage 
in line with existing trends. The tonnage in each direction has been 
irregular in the postwar years, with Atlantic to Pacific frequently 
fluctuating in the opposite manner from Pacific to Atlantic tonnage. 
Nevertheless, a growth trend is evident in both directions and is 
projected below. 


[Thousands of long tons] 


Atlantic to Pacific 
Pacific to Atlantic 











SECTION Vill 


ESTIMATES OF FUTURE PANAMA CANAL TRANSITS BY 
COMMERCIAL-CARGO VESSELS 


The number of Panama Canal transits associated with any — 
cargo tonnage obviously depends on the average tonnage carried per 
vessel, which in turn depends on the size of vessels and the load factors 
that they achieve. These subjects are discussed here in relation to 
three basic vessel types—general-cargo ships, tankers, and ore carriers. 


PROJECTED NUMBER OF TRANSITS BY GENERAL-CARGO SHIPS 


Size of general-cargo ships 

General-cargo vessels account for by far the major portion of total 
commercial transits. They will continue to be the most numerous, 
as well as the most heterogeneous, group in the future. They carry a 
great variety of cargoes under a wide range of operating conditions, 
route mileage, and competitive problems. No single vessel design is 
ideal for all of these situations, and hence the diversity of ships in the 
general cargo category to deal with the diversity of situations on the 
various trade routes. 

To determine the characteristics of the vessel best suited to any 
particular trade is a very complex undertaking, and requires considera- 
tion not only of the length of route, cargoes to be carried, number of 
ports, etc., but also the various possible combinations of vessel size 
and speed and their comparative costs when operating under condi- 
tions of the route. In addition, the ability to secure cargo in compe- 
tition with other carriers is strongly influenced by frequency of service 
offered and the speed with which delivery can be accomplished, making 
it essential to integrate these considerations with the foregoing factors 
in selecting a vessel. Different operators on the same route may 
adopt different vessel designs because the relative costs of construction 
and operation vary in different countries or because of special relations 
with certain shippers or other considerations peculiar to the eperator. 

, owners usually seek a design that can be used effectively in more 
than one trade in order to have flexibility in vessel assignments. 

The trade routes, important eiiledil “Go and vessel operating 
companies using the Panama Canal are numerous and diverse. It is 
not possible to study probable trends in vessel design adapted to their 
individual situations within the scope of the present research. There- 
fore, it is necessary to take a more general approach to the problem of 
estimating the average size of general-cargo vessels that will use the 
canal in the future. Significant indications of the size trend in these 
ships are discussed in the paragraphs that follow. 


Past changes in size 


Some indication of probable future changes in the size of general- 
cargo vessels can be obtained from examination of past changes in the 
average size of such ships. In recent years, vessels registered in the 
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United States and 12 other countries have made up about 90 percent 
of total general-cargo transits of the Panama Canal. Attention is 
therefore concentrated on the fleets of these nations and their use of 
the canal. 

Table XIV shows the general-cargo fleets of the major canal users 
by number of vessels, average gross tonnage, and average deadweight 
tonnage in 1939, 1946, and at the ends of 1951 and 1956. The fleets 
of all other nations are shown as a single group. It is immediately 
obvious from these data that the huge shipbuilding program of 
World War II replaced lost vessels with ships averaging much larger 
in size. The fleets of Japan, Germany, and Italy were mostly de- 
stroyed, and those of other European countries were reduced. That 
of the United States, of course, was enormously increased. 

To interpret the changes that occurred between 1946 and 1951, it 
is necessary to look at the data in more detail. The average size of 
vessels in the total world fleet declined. However, the average size of 
vessels increased in all of the individual fleets shown, except for Ger- 
many and Colombia, and also increased in the group of “All other 
nations.’’ The reason for these seemingly contradictory changes lies 
in the changing percentage of the world fleet accounted for by the 
various nations. Countries whose vessels are smaller than the world 
average increased sharply their proportion of the total world fleet, 
which serves to bring down the world average size over a period in 
which the individual countries were actually increasing the size of 
their own vessels. 

Also, from 1946 to 1951, a large number of U.S. vessels were placed 
in the inactive fleet. Since these ships are substantially larger than 


the world average, this transfer served to reduce the ae size of 


vessel in the world’s active fleet even further than the overa 
declined. 

From 1951 to 1956, the tendencies noted in the earlier period as 
bringing down the average size of vessels in the world fleet were largely 
aaae or reversed. ith the exception of Italy, all the nations 
shown individually in table XIV increased the average size of their 
ships. Italy declined only slightly and remains well above the world 
average in vessel size. With the exception of Germany, the nations 
whose ships are below the world average in size ceased increasing their 
proportion of the world fleet. Over this latter period the world’s 
active fleet increased in average size, both in gross tonnage and in 
deadweight. 


| average 
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In spite of the crosscurrents seen in the changes among the various 
nations, it should be noted that the average vessel size for the group 
of 12 foreign countries important in Panama Canal transits increased 
steadily over the whole period from 1939 to 1956. Similarly, U.S. 
vessels increased in average size over the whole period. 

In table XV the average sizes of vessels in the fleets of 13 nations 
important in Panama Canal traffic are shown for selected periods in 
relation to the average sizes of their vessels which actually used the 
canal. In nearly every instance shown for a given flag, the vessels 
using the canal were substantially larger than the average vessel in 
the national fleet. This is consistent with the nature of the principal 
trade routes through the canal, which are long, heavy-tonnage routes 
on which large ships can be used advantageously. Exceptions to this 
size relation are Colombia and Panama, whose short-distance inter- 
coastal trade uses the canal, while their larger ships are employed 
overseas. 
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The average size-of all vessels using the canal in the analyzed 
periods followed the changes in world fleet averages, declining from 
1946 to 1951 and increasing in 1956. The dip in 1951 was in spite 
of generally increasing averages for the transits by ships of individual 
nations and is due to the same factors mentioned in connection with 
the world fleet. In addition, a marked change occurred in the aver. 
size of transits in ballast. Measured in Panama Canal net tons, the 
average size of laden transits increased from 4,487 in 1946 to 4,727 in 
1951 and to 4,982 in 1956, while the average for transits in ballast 
declined from 4,513 to 2,610 and 2,738 in these same years 


New construction 


Deliveries of new dry-cargo vessels in 1955. and 1956 to nations 
important in Panama Canal traffic are shown in table XVI. Com- 
parison of the average size of these new vessels with the average size 
of the respective national fleets as of December 31, 1956, in,table XIV, 
shows a strong tendency for new ships to be‘larger than the fleet 
average. For every nation shown receiving new ships in 1956, the 
new vessels averaged larger than the fleet, and very substantially so, 
British and Dutch deliveries in 1955 averaged smaller than their fleet 
figures for the end of 1956. All others received, larger: than fleet 
average ships in 1955.. This characteristic of new construction should 
have important consequences for the Panama Canal, since it has 
already been observed that the long trade routes through the canal 
tend to attract ships abeve average in size for the fleets.from which 
they come. 

An even stronger indication of increasing vessel size comes from 
general cargo ships under construction or on.order. Table XVII 
shows these vessels as of June 30, 1956, for the important canal users. 
In every case the average size of ships under eonstruction or on order 
exceeds by a large margin the average size of the respective national 
fleets as indicated in table XFV. 

The American Merchant Marine Institute furnished the Panama 
Canal Company with the following summary of dry-cargo vessels 
under construction and/or on order as of January 1, 1957.' Ore car- 
riers are not included: 


“Nuniber of Total dead- 
Size (deadweight tonnage) vessels under | weight tonnage 
construction (thousands) 
or or-order 


1 Table A attached-to letter dated Mar. 28, 1957. 
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Taste XVI.—Deliveries of new dry-cargo vessels, 1955 and 1956 


[Vessels of thousand gross tons and over] 


Flag of registry 

Number Average Average Number Average Average 

of vessels | gross tons | deadweight} of vessels | gross tons | deadweight 
tonnage 


British Commonwealth 
(United Kingdom only) -.-. 


S25 


a 
~ 
o 


a 
ASAD PPH 


POP NGF) S 

S558: 8 
SAusesane 
BRSZSSESe 


oe 





8 | 8 
8 
eg 


Z 


Note.—Dry-bulk carriers are not shown separately in the sources and probably make up part of the 
number of vessels shown here, for example, Liberia, 


Sources: U.S. Maritime Administration, ‘“Merchant Ships Built in the United States and Other Coun- 
tries During Calendar Year 1955,” and same source for 1956. 


TaBLe XVII.—General-cargo vessels 1 under construction and/or on order, June 30, 
1956 


[Thousand gross tons and over] 


Country of intended registration freee gross 


Ae 


- 


PRAPSRAAO MP 
SRSESSRASTSE 


1 Does not include ore carriers. 


Source: U.S. Maritime Administration, “Number and Gross Tonnage of Steam and Motor Freighter 
Type Merchant Vessels Under Construction and/or on Order, as of June 30, 1956.” 


These vessels have an average deadweight of 9,525 tons, which is 
35 percent larger than the 7,069 average of the world’s active fleet 
at the end of 1956, as shown in table XIV, In the 6,000 to 9,999 tons 
group above, the average size is 8,005, which is nearly a thousand 
tons larger than the world average. The number of vessels in the 


size groups below 6,000 tons is small in relation to the total number 
on order. 
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The U.S. Maritime Commission is experimenting with modifications 
to the Liberty ship designed to improve the usefulness of this ] 
class. Speed is increased to at least 15 knots, and cubic capacity js 
enlarged. The sizes of four experimental ships are compared with 
the Standard Liberty in the list below.! 

Vessel Be po 
Standard Liberty 


neh we <isttipre der Sudvecgeditn SEGTb ob pbs oben doom bbod 459, 110 
a I ca a fe a a ee 491, 671 
TU FOMNTOO . 5 oon op emi cowguawencscmnpe seseesdsbhUllEawWiek 482, 400 
RINT tnt 5 oo. Sk AGES Sebo G on ocbe mh scssabtcowcsee ne teeee 494, 804 
I SL os... ccalMedcddh bo nsibdnodwsuiinenenenrcemea 506, 703 


General economies of ship size 


The worldwide tendency to larger ships seen above in the ave 
size of vessels in national fleets, in new vessels recently delivered, and 
in ships under construction or on order can be readily explained in 
terms of the economics of ship construction and operation. As the 
capacity of a ship is increased, the cost of constructing the hull, the 
cost of the propulsion machinery necessary for a given speed, fuel 
consumption underway at a given speed, and the size of the crew 
needed to operate the vessel all increase in lesser proportion than the 
capacity of the ship is increased. These elements of ship construction 
and operation are responsible directly or indirectly for a large part.of 
total vessel costs, including investment, maintenance, and insurance, 
and are important in bringing down the cost per ton of capacity in 
large ships. 

he savings in cost per ton of vessel capacity that can be obtained in 
large ships as compared with small ships are a strong incentive to 
build the larger sizes. However, in the case of the general cargo ship, 
particularly one engaged in liner operations, there are two other 
factors that tend to offset these cost savings and to set a practical limit 
on vessel size. These factors are time spent in port and the load faetor 
that can be achieved. 

With the present methods of handling general cargo, the rate of 
loading and unloading does not increase in proportion to the size of 
the ship. Cargo handling is related to the number of hatches that 
can be worked, and this number does not increase as fast as ship 
capacity increases in going to the larger vessels. Thus, the large ship 
must spend more time in port to be fully loaded than is required for 
the small ship. Since most vessel costs continue regardless of whether 
the ship is in port or at sea, the daily costs of additional time in port 
tend to offset the advantages of the large ship. 

Frequency of service on a route is important in determining’ the 
competitive strength of a liner operator. If there is not enough cargo 
available to fill the large ship at frequent intervals, it would be re- 
quired to sail only partially loaded to maintain a competitive schedule 
for the operator. If it is required to operate at a less favorable load 
factor than can be obtained with a smaller ship, the advantages of the 
large vessel are further reduced. 

The economies that can be obtained by increasing ship size, even 
after allowing for the limiting factors just mentioned, have been 
responsible for the general increases in average size that have occurred 
in recent years. There is an important group of ships that illustrates 
these tendencies even more clearly. 


1 Marine Engineering/Log, November 1956, pp. 56-57. 








LONG-RANGE PROGRAM FOR THE PANAMA CANAL 129 


Vessels in irregular service are not as much influenced as liners by 
the cargo handling and frequency of service factors discussed above 
as limiting the advantages of large ships. They Pa on bulk cargoes 
subject to rapid handling and usually sail with a full load, at least on 
one leg of a voyage. It is not surprising, therefore, that large ships 
are becoming prominent in the tramp trades. 

Irregular service vessels of 12,000 deadweight tons and over are 
often referred to as supertramps. At the end of 1956, 141 such vessels 
were in service, and in January 1958, 388 more were under construction 
oron order. These vessels are shown by size category in table XVIII. 
They are largely confined to fairly regular routes on which bulk cargoes 
move in large volume. They are, in effect, bulk carriers, but they are 
not specialized ore carriers. Coal provides the largest tonnage for 
them, especially on the North Atlantic route. However, as these 
large vessels become more numerous, their employment may well 
spread to such trades as the coal, ore, and grain movements through 
the Panama Canal. 


TaBLeE XVIII.—Number of supertramps in world fleet, by size 


Existing Dec. 31, 1956 Under construction or on order 
Jan. 15, 1958 


Size (deadweight tonnage) oe = 
‘ons Average 
dead- deadweight 
weight tonnage 
1, 12, 552 
1, 
i, 


BueVSstsB 


999 
999 
999 
999 
999 
,999 

999 

999 


omc 


Sources: W. G. Weston, Ltd., London, Westinform Shipping Report No. 78, “The New Large Tramps,” 
February 1957; “Tramp ‘Tonnage on Order and Under Construction,” mid-January 1958. 


The world tramp fleet as a whole contains a large proportion of 
Liberty ships built during World War II. The average age of the 
fleet is 17 Stowe The new larger and faster ships are therefore 
possible replacements for a large volume of tonnage that will be 
obsolete before 1975. If Liberties are modernized, they will probably 


become larger, as illustrated by modifications that have already 
occurred. 


Conclusions with respect to size of general-cargo ships 

Differences in the relative emphasis placed on cubic capacity and 
deadweight capacity in different classes and designs of ships make it 
difficult to dies accurate size comparisons, and available data are in 
different measurement units, depending on the source and purpose of 
compilations. Nevertheless, the data presented in this section show 
a well-established trend of increasing general cargo vessel size. This 
trend has been in evidence throughout the postwar period and is par- 
ticularly strong in recently delivered new vessels and in ships under 
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construction and on order. However, there are substantial differ. 
ences in the average size of ships among different flags of registry. 

The average ship in the U.S. active general cargo fleet is larger 
than the average in any other fleet. It represents a group of vessels 
that do not vary in size over a wide range but are mostly rather close 
to the average. Increases in the U.S. average since World War II 
are more the result of selective retirement of smaller ships than the 
result of new construction. In the maritime industry the opinion 
appears rather widely held that the general cargo ship has reached 
abot the maximum practical size in the C4-Mariner class. If thisis 
so, the average size would not be expected to reach this level, owi 
to the presence of smaller vessels in the fleet. The Maritime Ad- 
ministration has evolved three new prototype designs, one of which 
is about the same size as the Mariner, while the other two are con- 
siderably smaller. 

A summary of the new vessel construction programs being con- 
sidered by 17 U.S. operators was published by Marine Engineering 
Log in August 1956.7 Some of these programs extend over quite long 
periods. The data are in deadweight tons, and the average for the 
group is practically the same as the current average for the U.S. fleet, 
Cubic capacity is not shown, and it is possible that increasing em- 
phasis on hold space may raise the fleet average for this characteristie 
in the future. owever, no great change in the overall average size 
of U.S. vessels appears likely. 

The average foreign general cargo vessel, on the other hand, may 
be expected to become larger as a result of the construction of larger 
new ships. Completion of the ships under construction and on order 
shown in table XVII would raise the average gross tonnage of non-US. 
vessels over 4 percent. However, the average vessels recently deliv- 
ered and the average under construction and on order for foreign flags 
are still smaller than the average in the existing U.S. active fleet. 

The tendency of nations having ships below the world average size 
to increase their proportions of the world active fleet and their propor- 
tion of Panama Canal transits should diminish. The declining share 
of the United States in total active vessels and in canal transits hus 
had the effect of removing vessels of above-average size. The US. 
share cannot decline again to the extent it has declined in recent years. 
A more stable composition of the active fleet and of Panama Canal 
transits by flags of registry should allow the increasing size of vessels 
in individual national fleets to have more impact in the future. 

Since the general cargo vessels using the Panama Canal aver 
larger, in most cases, than the fleets from which they come, it migat 
expected that they will not increase in average size as fast as those 
fleets. For total canal transits in relation to the world general cargo 
fleet, this was true over the 1951-56 period. However, the overall 
averages were influenced by many factors, and the experience varied 
among individual nations. The experience of this period is not incon- 
sistent with the foregoing idea, but neither can it provide strong 
support. 

Vhen changes in the average size of vessels in national fleets are 
compared in detail with changes in the average size of the vessels that 
actually used the Panama Canal in sample periods in 1946, 1951, and 
1956 (table XV), there is no clear relation between these changes. 


2 Yearbook Number, Aug. 31, 1956, p. 105. 
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For some nations, the size of the average vessel in the fleet increased 
at a faster rate than the average size of that Nation’s vessels using the 
Panama Canal. For other nations the reverse was true. Between 
1951 and 1956 both Denmark and Germany increased the size of their 
average vessel quite substantially, but the average for their ships using 
the canal declined. These relative changes are not related to whether 
the nation is above or below the overall average in the size of its vessels 
using the canal. Therefore, there is no evidence in these details that 
wax indicate whether the size of canal transits should be expected to 
increase faster or slower than the sizes of vessels in the fleets of the 
world. 

Although the direction of change in ship size is clear, there is no 
feasible way to determine areca the limits to which it will go in 
the long run or the degree to which it will affect the Panama Canal. 
In this situation it is believed that U.S. vessels provide the best 
guidelines for estimating canal transits. 

If the U.S. vessels using the canal are taken as representing about 
the maximum average size that could be expected to be reached by 
other general cargo vessels, an upper limit on the overall average size 
of canal transit would be about 20 percent larger than that observed 
in December 1956. However, it is unlikely that all nations using the 
canal will bring the average size of their vessels using the canal u 
to this level. There are intercoastal services to Central and Sout 
America and other trades for which small vessels are best suited. 
There will always be some use of the canal by ships not designed 

rimarily for the routes on which they are traveling at the time. 

hat the average size of general cargo ships using the canal will 
gradually increase about 10 percent by 1975 is believed to be the most 
reasonable projection for evaluating transits. 

It is assumed for present purposes that general cargo vessel size 
will be essentially stabilized by 1975. Conditions in the distant 
future may, of course, lead to different size groups that cannot now be 
foreseen. However, the presently indicated pattern should prevail 
for a long period because of the momentum in present trends and the 
ong life span of ships. 


Load factor of general-cargo ships using the Panama Canal 


_ The number of long tons of cargo carried in a vessel of any given 
size depends on both the ability of the operator to secure cargo to 
utilize the capacity of the ship and on the commodity composition of 
the cargo. If the cargo is lightweight in relation to its bulk, the ship 
can be filled before enough long tons have been loaded to utilize fully 
the deadweight capacity of the ship. 

The historical record of long tons of cargo in relation to ships using 
the Panama Canal reflects the effects of changing cargo composition 
and the general availability of cargoes in relation to services being 
offered on the various routes. 

An attempt was made to analyze from the historical records the 
relation between long tons of cargo carried through the canal in 
general cargo vessels and the cargo space available in laden ge eral 
cargo ships measured in Panama Canal net tons. During the 1930s, 

than 1 ton of cargo was carried, on the average, per Panama Canal 
net ton of vessel capacity until 1936. From 1936 to 1939, the ratio 
rapidly increased until 1.22 long tons of cargo were carried per Panama 
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Canal net ton of space in the latter year. This experience can be 
readily explained in terms of the general shortage of cargoes during 
the depression, followed by economic recovery and preparation for 
World War II. 

In the postwar period, the ratio has varied from a high of 1.23 tons 
of cargo per Panama Canal net ton of available space on laden vessels 
using the canal to a low of 1.10, as shown below. This is a variation 
of over 10 percent and is of significance in considering how many 
laden vessels of a given average size would be required to handle 
projected future cargo tonnage. Some explanation of these varia- 
tions was therefore sought in the composition and availability of 
cargoes. 


It was not possible in this study to compute an average stowage 
factor that would indicate in general whether Panama Canal cargoes 
are becoming more or less bulky in relation to their weight. However, 
it was found that heavy commodities consisting of ores, metals, coal, 
and fertilizer materials have accounted for a steadily growing pro- 
portion of the cargo tons carried in general cargo vessels since 1947. 
This would suggest that it is becoming siete to load more and 


more weight in the space of 1 Panaman Canal net ton. However, 
this tendency may have been offset by higher space requirements for 
the remaining commodities being carried that could not be analyzed. 
In any case, the steady rise in the proportion of the heavy commodities 


bears no relation to the pattern of year-to-year variations in the ratio 
of cargo tons to Panama Canal net tons. In view of this fact, and 
because the proportion of these commodities in the cargoes projected 
for the future does not rise as much as it has recently, it is concluded 
that the cargo mix is not useful in considering future load factors. 

The variations in cargo tons per Panama Canal net ton since 
World War II appear to be more closely related to general world trade 
conditions than to composition of cargoes. The high ratios im- 
mediately after the war reflect the emergency aid programs of that 
period, while the decline to 1950 is associated with a general decline 
in business activity in 1949 and early 1950. The ratio rises and falls 
approximately in time with the Korean war, which placed heavy 
demands on shipping space, and the rising ratios of the last 3 years 
are associated with high levels of economic activity in the world anda 
growing volume of world trade. 

There are logical reasons to expect stability in the average load 
factor over long periods, although year-to-year fluctuations cannot be 
predicted. Hence, in projecting a trend, an average load factor 
representing the general conditions underlying the trend is appropriate. 
With present costs, the break-even point in terms of cargo per voyage 
is high, and operators will not put vessels on a route unless a good load 
factor is expected. However, if the vessels engaged in a particular 
trade are handling unusually full cargoes, and these cargoes are 
expected to continue, there is an incentive for competitors to put more 
ships into the service. A general scarcity of bottoms stimulates the 
construction of more ships. 
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The experience of the postward period covers quite a wide range of 
conditions, and it should be indicative of the range within which future 
experience should fall. Since a generally prosperous world economy is 
a basic assumption of this projection of Panama Canal traffic, it is 
believed that the average load factor of the last 3 years is the best 
indication of future space utilization in laden general cargo ships 
using the canal. 

In the foregoing paragraphs it was estimated that the average cargo 
capacity of general cargo vessels using the canal will increase pradiially 
about 10 percent by 1975. It was also concluded that the average long 
tons of cargo carried per laden vessel will continue to bear the same 
relation to vessel capacity as the average of the last 3 years. In 
order to project the number of general cargo vessel transits, it there- 
fore remains only to derive the volume of cargo such vessels may be 
expected to carry and to allow for transits in ballast. 


Projected cargo tonnage for general-cargo ships 


A significant part of the total cargo tonnage through the canal is 
carried in special-purpose vessels—tankers, ore carriers, and passenger 
ships. It is necessary to deduct this tonnage from total cargo move- 
ments to derive the cargoes available for general cargo ships. 

In projecting transits it is considered that the estimated future 
tonnage of petroleum and petroleum products shown earlier in table IV 
will be carried in tankers. No doubt some of these items will be car- 
ried in the deep tanks of general cargo ships, but it will be a small part 
of the total. Pankord. on the other hand, are expected to carry some 
chemicals in addition to the usual petroleum products. It is therefore 
believed satisfactory for projecting transits to treat these tendencies 
as offsetting. 

In fiscal 1957, over 3 million tons of cargo were carried through the 
canal in ore carriers, the largest tonnage recorded for this type of 
vessel. The specialized ore carriers are in the iron ore trade from the 
west coast of South America. In the immediate postwar period, the 
cargoes in the ore carriers were equal to the entire volume of iron ore 
moved through the canal. In 1953-55, their cargoes declined in 
tonnage and fall to about half of the iron ore volume. In 1956 and 
1957 ore-carrier cargoes increased rapidly and accounted for two- 
thirds of the iron ore volume in the latter year. These variations are 
no doubt associated with the demand for specialized ore carriers on 
other routes as well as with the recent rapid expansion in South 
American shipments. 

When large volumes of ore are to be moved on a regular basis, there 
are economies in using the special carrier. Also these economies 
increase rapidly as the size of the vessel increases up to sizes well 
beyond the limitations of the Panama Canal. The construction of 
large ore carriers in recent years to handle the growing overseas ship- 
ment of iron ore is a well-known phenomenon and need not be analyzed 
in detail here. These large vessels are already appearing in tlie 
Panama Canal, where they are limited to less than full capacity by 
the depth of the canal. 

Since a very large growth in iron ore shipments through the canal 
has been projected for the future (table IV), it is highly probable that 
most of this tonnage will move in specialized ore carriers. In recent 
years about 2 million tons is the maximum iron ore tonnage handled 
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through the canal in general cargo ships in any year. With the ore 
trade increasing, the general cargo ships may be able to increase their 
total tonnage of ore, but it will be a declining proportion of the total 
ore movements, For purposes of estimating transits, it has been 
assumed that general cargo vessels will gradually increase their tonnage 
of iron ore to 3 million tons by 1975 and level off at about that volume, 

A small amount of cargo is carried through the canal on vessels 
classified as passenger ships. It was not within the scope of the pres- 
ent study to analyze passenger traffic. However, the amount of cargo 
handled by passenger ships through the canal has been very stable 
since 1948 at an annual volume of about 1,500,000 long tons. In 
projecting the number of future transits, it is assumed that this volume 
will continue to be carried on passenger vessels in the future. 

Tables IV and V indicate a total cargo tonnage of 73,400,000 in 1975 
and 102,130,000 in the year 2000. Subtracting from these totals 
the amounts discussed above as being carried in tankers, ore carriers, 
and passenger vessels leaves cargo to be carried in general cargo 
vessels at 55,650,000 in 1975 and 75,730,000 at the end of the century. 


Derivation of general-cargo ship transits 


In the period 1955-57, the average laden general cargo vessel car- 
ried 5,767 tons of cargo. Assuming the same average load factor that 
prevailed in this period and allowing for a 10 percent increase in vessel 
size, the average general cargo transit in 1975 and beyond would carry 
6,344 tons of cargo. Applying this average load to the cargo pro- 
jected above indicates 8,772 laden general cargo ship transits in 1975 
and about 11,900 by the year 2000. 

To the laden transits must be added an allowance for general cargo 
ships that transit in ballast. The proportion of ballast transits to 
total general cargo vessel transits has varied in the years 1950-57 
from 13.7 percent to 11 percent. These variations have no apparent 
relation to general world trade conditions or the balance of tonnage by 
direction through the canal. The average over these 8 years is 12.1 
percent. It is assumed that this average will be typical of the future. 
On this basis, the total projected general cargo vessel transits are 
9,980 for 1975 and about 13,500 at the end of the century. 


PROJECTED NUMBER OF TRANSITS BY TANKERS 


The number of tanker transits associated with the projected move- 
ments of petroleum and petroleum products depends on the average 


size of vessels used, their load factors, and the proportion that 
transit in ballast. 


Size of tankers 


The rapid increase in tanker sizes in recent years is a well-known 
phenomenon that need not be examined in detail here. The economies 


of the larger sizes are well illustrated in the following comment by 4 
shipping executive.* 


The following summary will illustrate the extent to which the supertanker will 
lower transportation costs. Using as a basis the cost of transporting a cargo of 
petroleum from a U.S. gulf port toa port north of Hatteras, which would be 
obtained through the use of an 18,000-deadweight-ton, 16-knot tanker built in 
an American shipyard at today’s prices and operated under the U.S. flag, the 


’ From a paper presented by J. D. Rogers, executive vice president, Esso Shipping Co., at the American 
Merchant Marine Conference, New Orleans, La., Oct. 10-12, 1955. 
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following cost reductions are attainable through the use.of larger vessels having 
the same speed, assuming that they also would be built and registered in this 
country. 


1. A 22,000-deadweight-ton tanker would reduce the transportation cost 
about 13 percent. 


2. A 26,700-deadweight-ton tanker would reduce the transportation cost 
about 25 percent. 


3. A 31,000-deadweight-ton tanker would reduce the transportation cost 
about 30 percent. 


4. A 35,500-deadweight-ton tanker would reduce the transportation cost 
about 35 percent, 


Wherever a large volume is to be moved and where port and terminal 
facilities permit, the incentive to use tankers up to the maximum size 
that can readily transit the Panama Canal is quite obvious. In con- 
sidering future transits, however, it is necessary to consider the pro- 
jected petroleum movements in relation to port conditions and the 
quantities that can reasonably be handled in a single load. 

Substantial movements of crude petroleum are projected from Vene- 
zuela to the west coast of the United States. Ports and terminals on 
this route should be adequate to handle shipments in the largest 
tankers able to use the canal. It is therefore assumed in estimatin 
transits that the average size of tanker on this route will increase unti 
the 35,000-ton ship becomes typical of the route by 1975. 

Large tonnage is also projected for destinations on the west coasts 
of Mexico, Central America, and South America. However, this will 
be made up of numerous small movements to various destinations. 
It is not possible here to analyze in detail the probable characteristics. 
of ports and terminals in these areas and to estimate the relative 
economies of frequent small shipments versus less frequent large ship- 
ments. However, since these routes are relatively short and since 
individual destinations take relatively small annual volumes, it appears 
— that the smaller tankers will be employed in these trades. 

n projecting transits, it is assumed that the average vessel size will 
be about 15,000 tons by 1975, increasing to 20,000 tons by the end of 
the century. 

A small movement of special products is projected to Australasia and 
Asia, The small specialty tanker of about 15,000 tons will probably 
be typical of these trades, and transits are projected on this basis. 


Load factor and frequency of ballast transits 


Tankers typically move with a very high load factor on at least one 
leg of a voyage. The return trip is frequently made in ballast. or 
with only a small load. In the postwar period, from 40 to 55. percent 
of the yearly tanker transits.at the Panama Canal have been in ballast. 
The average for.the period is 45.8.percent.. However, undoubtedly 
many tanker haye, been classed as laden which had only a small 
amount, of cargo aboard. 

Petroleum movements projected for the future are about 85 percent 
from Atlantic to Pacific. If the Pacific to Atlantic movements are 
brought back in vessels that carry the larger tonnage westbound, the 
westbound tonnage is the controlling factor in setting the number of 
transits, regardless of how the return. cargoes, are divided among 
returning vessels. To estimate transits it can simply be assumed, that 
the ships carrying the heavier westbound movement. will return with 
or without cargo and that among them they will accomplish the east-. 
bound movement. The actual, percentage, of transits in. ballast will 
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depend on how the eastbound cargoes are divided among the returnin: 
vessels, but this is of no importance in estimating the total number o 
transits. 

The actual handling of the projected future movements will not be 
accomplished in the simplified pattern just described because all 
vessels engaged will not be operating on regular runs back and forth. 
Vessels will move into and out of the various trades concerned here. 
However, the net effect should be approximately the same. No 
basis for round-the-world routing that would avoid returning through 
the canal in ballast or with small cargoes is implied in the projected 
westbound movements. 

In view of the foregoing, tanker transits are projected here on the 
basis of westbound cargo tonnage in relation to the size of vessels 
expected to be engaged, assuming full loads westbound and the return 
of an equal seaier of vessels eastbound. Movements to the west 
coast of the United States in 1975 and 2000 are calculated on the basis 
of 35,000 tons per transit, and those on other routes are calculated 
for 1975 on the basis of 15,000 tons per transit. For the year 2000, 
the average cargo per transit bound for the west coasts of Mexico, 
Central America, and South America is increased to 20,000 tons, 
while 15,000 is again used for the specialty movements to Australasia 
and Asia. These calculations yield 576 projected tanker transits 
in 1975 and 504 at the end of the century. 

These projected tanker transits are less than the number experienced 
in recent years. This results from the expectation that vessels of 
larger average size will be handling a volume of petroleum and petro- 
leum products that is projected at about the same level as the ship- 
ments of recent years. bines the average cargo per laden tanker 
transit was over 13,000 long tons in both 1956 and 1957, the principal 
effect of larger tanker size is that projected in the crude petroleum 
trade from Venezuela to the west coast of the United States. The 
time at which large tankers in significant numbers will begin to serve 
this route will depend on the io weed supply and demand situation 
for tankers and may well be postponed until other routes are serviced 
first. However, the larger ships should bein quite general use by 1975. 


PROJECTED NUMBER OF TRANSITS BY ORE CARRIERS 


The economics of the large ore carrier are similar to those of the 
tanker. Full cargoes are available at least in one direction on the 
voyage, and cargo handling rates can keep pace with the size of the 
ship. The tendency to build large vessels of this type is well estab- 
lished, and the Panama Canal is already handling a few vessels that 
cannot transit fully loaded, owing to the draft limitations of the canal. 
For the heavy iron ore shipments that are projected for the future, 
it should be expected that ore carriers near the maximum size that 
can be accommodated in the canal will be used. For purposes of this 
projection, 40,000 long tons of ore is taken as maximum for a single 
transit. 

From 2 to 3 million tons of ore per year have been handled through 
the canal by ore carriers in the postwar period. The average cargo 
per laden transit has been very stable around 23,000 tons. more 
of the larger ships come onto the Panama Canal ore routes as ship- 
ments increase, the average cargo per laden transit is expected to rise. 
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After allowing for ore moved in general cargo ships, as discussed earlier 
in this section, tonnage availatle to ore carriers in 1975 is projected 
to be 6,700,000 tons aire the 1957 cargoes carried in such ships. If 
the vessels operating in 1957 continue in service with their 1957 
average cargo per transit, and if all the additional ore tonnage is 
carried in 40,000-ton ships, the average cargo per laden transit would 
rise to 32,000 tons. 

To project ore carrier transits it is assumed that the average cargo 
per laden transit will increase in the future, reaching 32,000 tons by 
1975. On this basis, 312 laden transits would be required to move 
the ore tonnage projected as available to the ore carriers. This 
would in turn require 312 transits in ballast on the return trips, making 
a total of 624 ore carrier transits in 1975. 

By the end of the century replacement of some of the smaller 
vessels should allow some further increase in average cargo per laden 
transit, say to an average of 35,000 tons. On this basis, 514 laden 
transits would be required to move the projected tonnage, which 
after allowance for the return trips in ballast makes a total of 1,028 
ore carrier transits by the year 2000. 


TRANSITS BY PASSENGER SHIPS 


Vessels certified for more than 12 passengers are classified in Panama 
Canal statistics as passenger ships. Passenger traffic was not analyzed 
in the present research. However, the number of passenger ship 
transits is small, and for the sake of completing the outlook for com- 
mercial traffic through the canal, an allowance for passenger ships 
will be included in total transits. Since World War II, there has 
been a gradual rise in the annual number of passenger ship transits. 
If this trend continues, the number of such transits will reach approxi- 
mately 350 by 1975 and would be about 420 by the end of the century. 
Passenger ships are included in the total transits on this basis. 


SUMMARY OF FUTURE TRANSITS BY COMMERCIAL VESSELS 


_The transits projected for the various commercial vessel types 
discussed in this section are summarized below. 


2000 


13, 500 
504 
1, 028 
420 


15, 452 


Transits cannot, of course, be projected in the detail indicated in 
these figures, which were derived by applying estimates of cargo per 
transit to projected cargo movements. owever, these figures serve 
to show the magnitudes involved for Panama Canal planning purposes. 








ADDENDUM TO AN ANALYSIS OF FUTURE COMMERCIAL 
FREIGHT TRAFFIC THROUGH THE PANAMA CANAL, 
VOLUME I 


(By Neil T. Houston) 
INTRODUCTION 


In March 1958 Stanford Research Institute submitted to the Panama 
Canal Company the report “An Analysis of Future Commercial 
Freight Traffic Through the Panama Canal.” In volume I of that 
report developments affecting the sizes of general cargo vessels, tank- 
ers, and ore carriers likely to use the canal in the future were discussed. 
The trend in average cargo tonnage per transit was examined, and 
changes in the commodity composition of canal traffic that might 
affect average tonnage per transit were considered. Estimates of 
future commodity movements were then converted to estimates of 
canal transits on the basis of expected average cargo per transit for 
general cargo vessels, tankers, and ore carriers. 

In daily operations the Panama Canal Company must handle a 
wide variety of individual vessels rather than “average transits.” 
Since operating problems vary with the size of vessels, it is important 
to the Company in planning for future operations to consider the 

robable distribution of transits among different size categories. 
Jsing data in the institute report and other information available, 
the Cones has prepared estimates of the percentages of future 
transits expected to be in various vessel size categories. These esti- 
mates, together with the actual distribution of transits in these 
categories in recent years, are shown in the accomparying tables. 

The Panama Canal Company asked Stanford Research Institute 
to review its estimates of vessel size and, if possible, to suggest im- 
provements that might be made in these projections concerning future 
transits. The estimates have been studied by members of the staff 
of the institute, and they have been discussed with vessel operators 
on the west coast. The resulting comments are presented here as 
an addendum to the discussion of vessel size in volume I of the earlier 
report. 

GENERAL-CARGO VESSELS 


The a distribution of general-cargo vessel transits by 


beam of ship as estimated by the Panama Canal Company for future 
years is shown in table 1. There is no way to test the validity of 
these projections in as great detail as they are shown in this table, 
Le., in fractions of 1 percent or even in 1 percent increments. How- 
ever, the data in the table appear to reflect adequately the general 
trend in ship sizes and such factors as can be foreseen as operating 
in the future. No basis has been found for suggesting any change 
in the figures given. 
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TABLE 1.—Oceangoing general-cargo vessels—Percent distribution of transits by beam 
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The growing concentration of transits in the 60- to 79-foot-beam 
range is appropriate. This is consistent with the opinion widely held 
in the industry that general cargo vessels have reached about the 
maximum practical size in the Mariner class. It is also consistent 
with the tendency for substantial numbers of new foreign flag ships 
to be built in this range, especially in the lower half of the range. 
To compete effectively with other operators for cargo, the general 
cargo liner operator must offer frequent service on his route. This 
necessity works against increasing the size of ships because of the 
delay time involved both in securing sufficient cargo to utilize large 
capacity and in handling the cargo in and out of the ship. 

he breakdown of general cargo transits into the 60- to 69-foot- 
beam and 70- to 79-foot-beam categories is less certain. The latter 
may not diminish in relative importance after 1975 as shown in the 
oe e, but this cannot be firmly established for times far into the 
uture. 

The relatively small proportion of general cargo transits shown in 
the beam categories of 80 feet and over also appears quite appropriate 
in view of the factors affecting ship size just described. If cargo 
handling in large containers becomes widely adopted, some larger 
ships may be built for this purpose. This is because a large portion 
of the stowage space in a ship cannot be utilized by large containers 
that can neither follow the contours of the hull nor use all space 
around interior fittings. Thus, to maintain cargo carrying ability 
as great as that, presently offered by the C— class, a vessel of larger 
dimensions would be needed. Even this possibility does not mean 
large numbers of ships, with beams in excess of 80 feet, however. More 
efficient stowage of large containers can be obtained by increasing 
the block coefficient of the vessel. This in turn requires increasin 
the length to beam ratio to maintain propulsion efficiency at usefu 
speeds. The possibility arising from large container developments, 
therefore, is for longer ships rather than wider ships: : 

In view of the emphasis on frequency of service, the — dimen- 
sions of the C-4 class will probably still be considered adequate by 
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many operators, even if containers are used. In late 1957, Grace 
Line was studying plans for large new vessels adapted to handling 
cargo in large containers as well as to CET INE a substantial number 
of passengers. These ships would have had a beam of 102 feet. 
A recent check with this company revealed that plans for these large 
vessels are no longer active. but. smaller ships designed with the same 
purposes in mind are now being considered. Grace Line is also 
currently studying designs for new ships that would specialize in 
general cargo and bananas. The overall dimensions are about the 
same as those of a Mariner. 


ORE CARRIERS 


The size distribution of ore carriers as projected by the company 
is shown in table 2. Review of these data suggests that the pro- 
jected transits are too heavily concentrated in the 80- to 89-foot-beam 
category, which generally represents vessels of about 35,000 dead- 
weight tons capacity. While the institute projection of total ore 
carrier transits was based on there being about 32,000 tons of ore 
per laden transit in 1975 and 35,000 tons in 2000, this does not mean 
that vessels of these capacities will necessarily predominate in the 
traffic. Rather, it is expected that there will be substantial numbers 
of ships both larger and smaller than those sizes. 

Ore carriers much smaller than 35,000 tons presently make up 
about 70 percent of the transits, and more vessels in that category 
are being built in the world. The U.S. Maritime Administration pro- 
posed prototype bulk carrier, the bulk class, would have a capacity 
of 21,600 tons. It seems unlikely that ships in the 15,000-ton cate- 
gory, which made up 20 percent of the transits in fiscal 1957, will 
have entirely disappeared by 1960 as projected in table 2. The esti- 
mate of about 31 percent of transits in the 25,000-ton category appears 
reasonable for 1975, but the importance of this group may not decline 
as rapidly in the later years as indicated in the table. 


TABLE 2.—Oceangoing ore vessels—Percent distribution of transits by beam 
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A more definite development appears to be occuring with respect 
to the larger sizes. In fiscal 1958 over 3 percent of the ore carrier 
transits was made by vessels in the class of 45,000 tons and over, 
vessels such as Cosmic, Dynamic, and World Beauty. The first two 
of the vessels named are sister ships and are combination tankers and 
ore carriers of about 47,000 tons capacity. They cannot transit fully 
loaded owing to the draft limitations of the canal. 

More of these large vessels can be expected in the future. The 
operators of the Marcona mine in Peru now have under construction 
in Japan two combination tanker ore carriers with a 100-foot beam 
and 47,000 tons capacity. They are intended for service through the 
canal, even though the draft limitation will allow loads of only about 
40,000 tons. The additional capacity could be useful if the vessels 
are ever required in other possible services, and the internal space 
could be utilized if the cael quad operating as a tanker even through 
the canal. These possibilities, when weighed against the construction 
cost, led to the decision to build these large vessels, regardless of the 
prospect of loading at less than capacity. Other owners will probably 
be similarly influenced in the future. 

In view of. this tendency, it seems likely that, if the the Panama 
Canal Company continues to have fixed limitations only on the draft 
of vessels that will be accepted for transit, the ore carriers will be 
built. up to rather close tolerances, as far as the dimensions of the 
locks are concerned. In other words, under present rules more ships 
in the category of 45,000 tons and over should be expected. 

To convert the foregoing tendency into a percentage distribution 
of transits in small categories as in table 2.is more difficult than to 
identify the tendency in vessel construction. .Once the ore carrier 
reaches 40,000 tons capacity, further increases in size have no effect 
on the number of transits required to lift projected ore tonnage, owin 
to the load limit imposed, by the allowable draft.in. the canal. 
Although 40,000-tons loads should be common in the future, it does 
not necessarily follow that 40,000-ton vessels will be common. The 
total number of ore carrier transits projected for the future is relatively 
small, and one vessel operating on a regular schedule can make up a 
significant proportion of the total. Projecting the size distribution 
of transits therefore becomes a matter of anticipating a small number 
of rather specific decisions by vessel owners. There is no way that 
this can be done with precision. 

All planning efforts must cope with uncertainties in estimates of 
the future. Raper on whether the consequences of error are 
worse if the estimate is too high or worse if the estimate is too low, 
the planner will evaluate the data to minimize the risks involved. 
There is reason to believe that the proportion of transits in the cate- 
gories of 40,000 tons and over will be considerably larger than shown 
in table 2. That this proportion could be as high as 30 to 35 percent 
by 1975 and up to 40 percent by the year 2000 does not appear 
unreasonable. That a major part of these large vessels could be in 
the 100-foot-beam category should also be considered. 





LONG-RANGE PROGRAM .FOR THE PANAMA: CANAL 148 


TANKERS 


The size distribution of tanker transits as projected by the Panama 
Canal,Company is shown.in table 3., These projections. result in 
larger average sizes than were deyeloped by the Institute in its original 
study, and hence would imply a smaller number of transits.to move the 
projected cargo volume. In reviewing table 3, no basis has, been 
found: for changing the original evaluation made by the Institute with 
respect, to tanker, transits. It is therefore; believed that,.table 3 
shows a higher percentage of transits with beams in excess of 80 feet 
than is likely to occur. ‘, 

On the basis of the Institute’s original projections of tanker transits 
for 1975, about 25 percent of the transits; would be engaged. inthe, 
cfude petroleum trade from Venezuela to. the west. coast.of, the United 
States and would average 35,000 tons per laden transit. For the most 
part, these would be ships with beams of 80 feet or more. About 75 
percent of the tanker transits would be engaged in the petroleum 

roducts trade to the west coasts of Mexico, Central America, and 
South America, and to Australasia, where smaller vessels are needed 
to fit the needs of the markets. These transits are projected as 
averaging 15,000 tons of cargo laden westbound, and most of them 
would have a beam of less than 70 feet. 

In the projections by the Institute for the end of the century, about 
40 percent of the tanker transits would be by large ships engaged in the 
crude petroleum trade. These would have beams of 80 feet or more. 
About 60 percent of the transits would be in the petroleum products 
er and practically all are expected to have beams of less than 80 

eet. 

To classify the foregoing projected tanker transits into the smaller 
categories used in table 3 involves increasing uncertainty. Further 


TABLE 3.—Oceanguing tankers—Percent distribution of transits by beam 
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breakdown of the group with beams less than 70 feet, however, is 
probably not of major importance in planning future canal operations, 
Among the larger sizes, it appears unlikely that tankers of more than 
40,000 tons will be using the canal on a regular basis in significant 
numbers by 1975. At later dates, as longer routes with larger volumes 
of shipments than occur through the canal become adequately 
equipped with very large tankers, some ships up to the maximum that 
can be accommodated will probably be assigned to the crude petroleum 
trade through the canal. As in the case of ore carriers, the total 
number of these transits projected is small, and one ship regularly 
assigned can affect the percentage distribution significantly. If the 
crude projected as moving in the year 2000 were carried entirely in 
45,000-ton lots, only 78 laden transits would be required westbound, 
with a similar number of return voyages. 
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SECTION I 
FERROUS ORES AND METALS AND RELATED MINERALS 
(By Sherman H. Clark and H. Gordon Pearce) 


TRON ORE 


The major share of the ore and metal tonnage shipped through the 
canal is attributable to the iron and_steel industry. The regional 
supply-demand balance of raw materials and finished-products in this 
industry accounts for the shipments of iron ore and metal, coke, 
scrap iron, iron and steel manufactures, chromite, manganese, and 
several others of lesser magnitude. A general review of the world 
outlook for the iron and steel industry will establish the framework 


for discussion of each of the above commodities. 

The world outlook for the won and steel industry is important, 
moreover, because of the relatively rapid growth in this industry. 
Major shifts in sources of supply have already commenced and, 
trade routes involving the Panama Canal may well be involved in 
future movements. Also, in this industry as in the petroleum industry, 
the combination of large tonnage movement and many sources of 
supply dictate the need for a regional supply-demand balance for the 


entire world in order to determine potential movements over a specific 
route. 


Steel-ingot production 

Figure 1 shows the steel-ingot production by major regions of the 
world for the period 1860-1956, with projections to the year 2000. 
The early history of steel production in the regions which are now 
major producing regions demonstrates the rapid rise of production 
and subsequent leveling off of the rate of growth as the economy 
has matured. At the present time, the Near and Middle East, 
Latin America, and Africa are in the stage of rapid growth; within 
the next 20 years, it is probable that all regions will have completed 
the extremely rapid growth phase of steel output. Subsequently, all 
regions may well experience similar rates of growth. 
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SOURCES: Americen iron and Stee! institute, 
Britien won end Stee! Federation, 
Chembre Syndicete de le Siderurgie 
Fronceise, United Notions - Economic 
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Cool ond Stee! Community 
Projections by Stentford Research institute. 
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1960 - 2000 
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Table I-1 summarizes the estimated steel production for 1960, 
1975, and 2000 as compared with actual production in 1955. World 
production increases from 300 million tons in 1955 to 1 billion tons 
in 2000, according to this analysis, or an estimated increase of 260 


reent. A 350 se increase in world production was sustained 
tween 1910 and 1955. 


TasB_e I—-1.—Estimated world production of steel ingots, by region 


Millions of net tons Percentage 
increase 


re, SeApes 
Aa®mmwoweqodco 


2 


Sources: 1955: International Iron and Steel, March 1957, U.S. Department of Commerce; 1960-2000: 
Estimated by Stanford Research Institute. 


These projections are based upon correlations of steel demand with 
population, national product, and industrial production, and upon 
projections of these economic indicators. For areas with more mature 
economies, national product and industrial production are estimated 
to increase at a rate varying between 3 and 4 percent per year. Steel 
demand is estimated to increase at about the same rate. Steel is 
one of the most basic commodities and is related to virtually all 
aspects of economic activity. In some uses, steel is being displaced 
by other materials; but so far, other uses have emerged to counter- 
balance the losses in markets. 

For underdeveloped areas, it is assumed that national product will 
increase at 4 to 5 percent per year, with industrial production increas- 
ing at a somewhat faster rate. Steel production, however, is expected 
to grow even more rapidly in some areas, particularly in the next 20 
roars, because (1) a large percentage of steel demand in each area will 

met locally, and (2) since steel is one of the first segments of indus- 
try to be developed, its growth rate during the early years of industrial 
development of an area is much more rapid than overall industrial 
development. 

The US. steel industry is expected to experience the slowest rate of 
athe. an increase of 182 percent between 1955 and 2000 is indicated. 

estern Europe shows an indicated growth somewhat greater than 
that of the United States. Once its recovery is complete, however, 
its rate of growth is expected to be roughly comparable to that of the 
United States. Most of the other regions of the world show an increase 
of 300 to 500 percent during the same period. The most rapid rate of 
increase is expected in the Near and Middle East, owing to its current 


negligible production. Even by 2000, however, this region should still 
be the smallest steel-producing region of the world. 
It is expected that the United States, Western Europe, and Eastern 
urope will have approximately the same level of steel production, 
about 300 million tons, by the year 2000. South Asia and the Far 
57677—60-——11 
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East should be next in importance, producing at least 80 million tong 
by the year 2000, or 25 to 30 percent of the production in the three 
major regions. All the other regions fall well below this, with» 
production by 2000 in the range of 6 to 18 million tons. 
far as is known, there are no firm plans for additional steel 

capacity much beyond 1960, but the expansion presently being under- 
taken throughout the world is indeed significant. World capacity in 
1960 is scheduled to be 423 million tons as compared with 345 militia 
tons in 1957 and about 320 million tons in 1955. Between 1955 and 
1960, in other words, an expansion of 33 percent will take place. 
Three areas of potential importance to canal traffic 

There are three subareas within the regional breakdown considered 
in figure 1 and table I-1 for which steel production is of importance in 
connection with this study. These areas are the west coast of South 
America, western United States, and Japan. Estimated steel ingot 


pret: for these three areas for the period 1955-2000 is tabulated 
elow and discussed in the following paragraphs: 













{Millions of net tons] 


West Coast South America 
ome United States ! 


1 This area consists of the 11 Western States. 


Production on the west coast of South America seems rather small, 
even in 2000; but it is consistent with the overall economic growth 
rate of the area, which is assumed to be about 4 percent per year. 
Moreover, the area will still not be self-sufficient in stech, ere 
will be limitations on the types of steel mill products which can be 
produced economically, and some products will consequently continue 
to be imported. 

The projections for the 11 Western States of the United States are 
based upon Stanford Research Institute projections of population 
and income in this area. It is assumed that all increases in the 
demand for steel mill products in this area will be met by local produc- 
tion. The projections are based upon past trends in the growth of 
manufacturing, and do not contemplate significant changes from the 
pattern of manufacturing activity now present. 

If major changes in the composition of manufacturing were to occur, 
so that all steel products consumed in the area were manufactured 
locally, then western steel production could reach 60 million tons in 
2000 rather than the estimated 30 million tons. That such develop- 
ments will take place by 2000 is not readily foreseeable, and to evaluate 
the possibility is a major research effort which no one has yet under- 
taken. ‘The only basis for projection of the industrial consumption 
of steel, therefore, is the extension of past trends in industrial activity, 
based upon industrial expansion of a type which can be justified by 
past experience. 

The Japanese steel industry is a major potential source of canal 
traffic, in terms of iron ore, coal, and steel scrap. Historical data 
and projections of steel ingot and pig iron production, iron ore an 












St 
P 
Ir 
Si 
8 
Cc 


a 


Bn tt 


SC 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 153 


coke consumption, steel scrap consumption and upperts are shown in 
table I-2. These projections of Japanese steel industry activity are 
well below the projections published by the Japanese steel industry, 
which appear to be optimistic. The projections given in table I-2 
are consistent with the assumed rate of development of world economic 
activity. 
TaBLE I-2.—Data on the Japanese steel industry 
[Millions of metric tons] 


Item 1960 1975 


Steel ingot production 

Oy eee ee ery oe 

Iron ore consumption 

Scrap iron consumption > , ° 
Gap tromimports. .. -. +. 22. 6.152. hs --p2nfe~ees-- 
Coke consumption 


Sources: 1930-55: ‘‘Japan’s Iron and Steel Industry,” 1957, Tokyo Foreign Service; projections: Stanford 
Research Institute. 


Pig-iron production 

The consumption of iron ore is of primary importance in the analy- 
sis of potential canal traffic. Direct data on historical consumption 
do not appear to be available by region of the world, but the con- 
sumption of iron ore is related directly to the production of pig iron 
and ferroalloys. Data on the production of pig iron and ferroalloys 
are shown in table I-3. The relationship between pig-iron production 
and steel-ingot production is dependent on the pig iron-steel scrap 
ratio, which is in turn dependent upon the availability and price of 
steel scrap, blast-furnace capacity, and other factors. The United 
States has the highest dependence upon steel scrap, followed closely 
by Canada and Europe. In most other areas the supply of steel 
scrap limits the potential use of this material. 

From recent reports on iron and steel scrap it appears that the 
United States, Europe, and Japan may reduce somewhat their rela- 
tive dependence on scrap. The United States exports scrap to both 
Japan and Europe and may therefore tend to control the scrap-pig 
iron ratio for these countries. Blast-furnace capacity is. currently 
increasing somewhat more rapidly than steel production capacity in 
Western Europe and Japan. However, there is considerable question 
as to the adequacy of recent data for establishing a long-term trend. 
A small adjustment should undoubtedly take place over the next few 
years, but over the long term it is quite possible that no significant 
shift will occur. For purposes of this study, it is assumed that the 
pig iron-steel scrap ratio will remain approximately the same and the 
impact on canal traffic is not significant. 


Iron-ore consumption 


Based upon the estimates of pig-iron production given above and 
the average iron content in the iron ore sources for each region, esti- 
mates of the consumption of iron ore by each region were prepared 
and are presented in table I-4, for the period 1955 to 2000. Con- 
sumption of iron ore in the United States, Western Europe, and 
Eastern Europe is expected to be between 375 and 400 million tons 
each by 2000. The total world consumption is expected to’ be approxi- 
mately 1.3 billion tons. In preparing these estimates it was assumed 
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that the gradual reduction in the iron content of the high-grade ores 
utilized would be counterbalanced by the reiatively higher percent: 

of iron content in beneficiated ores, which are expected to be a steadily 
increasing percentage of total ore shipment. The error introduced by 
this assumption is estimated to be no greater than +10 percent, and 
would have relatively little impact on the estimates of canal traffic, 


TABLE I-3,—Estimated world production of pig iron and ferroalloys, by region 
[Millions of metric tons] 


ST |S |S | | | 
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Sources: Historical, ‘‘Annual Statistical Report, American Iron and Steel Institute.” Projections, 
Stanford Research Institute. 


TABLE I-4.—Approzimate world consumption of iron ore, by region 
{Millions of metric tons] 


—_—_— | | —_____ | ____ 
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Sources: 1955: Derived from ces production and the average ratio of iron ore to pig iron adjusted for 
average iron content of ore utilized in each region. 1960-2000: Estimated by Stanford Research Institute. 


























Underdeveloped countries exporting iron ore may well attempt to 
force a portion of the ore processing within their countries, resulting 
possibly in local production of pig iron or synthetic scrap. The latter 
1s ore re to a metal content exceeding about 90 percent. The 
availability of ore from alternate sources plus the economics of ore 
handling and transportation versus ingot handling and transportation 
will probably limit this development to a small proportion of the total 
ore shipped. The economics of massive handling of ore offer consid- 
erable potential for cost reduction, by means of conveyor belts, rapid 
loading and unloading facilities, and huge ore carriers. Ingot handling 
and shipping, on the other hand, do not offer the same potential for 
reduced costs. For this reason it is considered in this study that ore 
will continue to be shipped either in direct shipping form or as a con- 
centrate, with about 65 percent iron content. 


Iron-ore production 


It is extremely difficult to allocate the world production of iron ore 
to each region over a projection period as long as is considered in the 


















aoe @ 


et ot ae OD eS et DR O 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 155 


study. In most regions, iron ore exploration to date has been in- 
adequate, and so estimates of ultimate reserves cannot be made. In 
many cases, even the reserves of presently known deposits cannot be 
stated with any precision, owing to inadequate evaluation. More- 
over, it is difficult to estimate over a 45-year period whether a country 
such as the United States will rely on high-grade imported ore or turn 
to its own vast deposits of low-grade ore which require expensive 
processing and high transportation costs because of long overland 
shipping routes. Based upon preseniiy known plans, however, it 
appears that the production of iron ore in the United States will 
remain relatively constant at 100 to 150 million tons. Relatively 
little increase in production is expected in Western Europe, with a 
current production of 116 million tons and the peak production esti- 
mated to be 150 million tons. To assess the probable future pro- 
duction in other regions, presently estimated reserves may provide 
some guidance despite the obvious limitations of these estimates. 

Regional estimates of iron ore reserves are given in table I-5. 
Measured, indicated, and inferred reserves total 84 billion tons, ac- 
cording to this United Nations estimate. In addition, there appear 
to be vast reserves of potential ore (deposits which require an appre- 
ciable increase in ore price before they can be exploited economically), 
particularly in India, South America, and the United States. These 

tential ores range from 20 to 35 percent iron content. Finally, it 
is entirely probable that additional reserves of ore of high iron content 
will be found, particularly in South America, Alaska, Africa, India, 
and the USSR. 


TaBLEe I-5.—Summary of iron ore reserves, by region 
[Millions of tons] 


Latin America: 
West coast South America 
Other Latin America 


Source: “Survey of World Iron Ore Resources,” United Nations, 1955. 


Despite the uncertainty as to the meaningfulness of reserves esti- 
mates, the estimates are useful for two reasons: First, they indicate 
the tremendous untapped reserves in India and South America (par- 
ticularly Brazil), which will unquestionably make these countries 
major sources of iron ore during the forecast period; and second, to- 
gether with recent indications of additions to reserves, the reserves 


estimates indicate the possible production limitations and relative 
importance of each region. 
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Table I-6 gives the estimates of iron ore production by region, 
Without going into an extensive discussion of reserves, nature of the 
ore bodies, location, transportation, and other factors which will 
contribute to the relative utilization of each deposit, the following com- 
ments describe the basic reasoning behind the production estimates 
shown in table I-6 for each region. 

The United States, as stated earlier, is expected to maintain a 
relatively constant production rate of 100 to 110 million tons for some 
time. By the year 2000 it was assumed that the United States would 
be turning to its low-grade deposits for use in certain steel plant loca- 
tions, and that production might then rise to 150 million tons. The 
basic justification for this rise is that world production of high-grade 
pti ore may very well reach a peak by the end of the period under 
study. 

Production of ore in Western Europe has increased appreciably sinee 
the war, but is now only comparable with the level of production in 
1929. According to the literature there is some question as to West- 
ern Europe’s ability to increase production much further. It was 
ened therefore, that production would reach 150 million tons and 
level off. 

Estimated Canadian production of 100 million tons by 2000 appears 
high in relation to its aden reserves, but there is considerable in- 
centive to find new reserves because of Canada’s strategic location 
with respect to the United States and European market, and there 
also appears to be considerable opportunity to find new reserves. 
The same situation exists in Africa, although development of new 
reserves will probably be slower than in Canada because most of the 
ore country is so far inland. 

Nothing in the literature indicates extreme optimism with regard to 
potential ore development in the Middle East or the Pacific, although 
the latter obviously fais adequate reserves to take care of its own needs, 
The Pacific’s only future export potential is to Japan. Modest ex- 
ports have gone to this country and may continue, although this 

ossibility is not taken into account in table I-5. The ae reason 
for excluding this consideration is the vast reserves in the Far East 
and south Asia. 


Taste I-6.—Estimated world production of iron ore, by region 
(Millions of metric tons] 


1930 1940 1950 1955 1960 1975 | 2000 


reeurees: Annual statistical report, American Iron and Steel Institute. Projections, Stanford Research 
itute. 
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This region, and particularly India, has a large share of presently 
known world reserves. The deposits in India are just beginning to be 
tapped, although many of the reserves are quite strategically located, 
within about 200 miles of the coast. With India rapidly developing 
its own steel production, and with Japan’s rapidly rising need for iron 
ore, these reserves can soon be tapped on a large enough scale to 
provide ore at relatively low cost. Tena has been negotiating with 
India for iron ore, and once an agreement can be reached, it may be 
that virtually all new Japanese ore requirements will be met by India. 
The capital requirements for the exploitation of iron ore deposits, 
including the installation of transportation facilities, are extremely 
high, however; and India’s lack of capital plus its present policy toward 
foreign investment in India may limit the ability of India to meet 
more than its own requirements for its rapidly growing steel industry. 
But to industrialize rapidly, India will need sizable imports which 
can be paid for only with exports such as iron ore. It is assumed, 
therefore, that India’s policy toward foreign investment will gradually 
change, and that capital will be available to exploit India’s vast ore 
deposits. 

Development of this relationship between India and Japan may 
require considerable time. Mearwhile, possibly for the next 5 to 15 
years, Japan may draw on Latin America for iron ore. Most of this 
movement may be expected to pass through the canal from Venezuela, 
and may provide 3 to 5 million tons additional annual traffic during 
the period 1960-70. 

Although stated reserves in Eastern Europe would not support the 
estimated production magnitudes shown in table I-46, it is lmena 
that potential reserves are vast; production is, therefore, assumed to 
balance consumption. 


Tron-ore regional supply-demand balance 


Table I-7 gives the expected production, imports, exports, and 
consumptior of iron ore for each major region of the world. Sources 
of offshore ore for the United States are Canada and Latin America, 
which are expected to split the required imports equally in 1975; 
by the year 2000, however, Latin America is expected to be furnishing 
65 percent of the required imports to the United States. Since Latin 
America has relatively greater ore reserves than Canada, it is reason- 
able to expect that Latin America will eventually become the pre- 
dominant source of iron ore for the United States. 
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TaBLe I—7.—Estimated regional supply-demand balance for iron ore 
[Millions of metric tons) 


Con- 
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Imports of iron ore to Western Europe are expected to come from 
Latin America, Africa, and Canada. In 1975, Africa is expected to 
serve half of Western Europe’s needs for imported iron ore; but by 
the year 2000, Latin America, with its larger reserves, may well be 
the Csaiet source for Western Europe. . 


Panama Canal potential for iron ore 


The above discussion has provided projections of regional produc- 
tion of steel ingots from which projections of pig-iron production and 
subsequently iron-ore consumption were derived. analysis of 
potential iron-ore production by region was then presented, and a 
supply-demand balance for iron ore was derived. 

rom the supply-demand balance, the most significant conclusions 
which bear upon the Panama Canal potential are: (1) The United 
States and Europe are expected to become major importers of iron 
ore by 1975, (2) Canada and Latin America are expected to become 
major exporters of iron ore, and (3) total world interregional move- 
ment of iron ore is expected to reach 180 million tons in 1975 and 
430 million tons in 2000. 

With this perspective, it is now necessary to separate the western 

rtion of North and South America from the totals for these ra 

ecause the potential iron-ore traffic through the Panama anal 
relates directly to the iron-ore requirements in the western part of 
the United States and to the potential production of iron ore on the 
west coast of South America. 
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Movement of iron ore from the west coast of South America 

Tron-ore reserves.—Iron-ore reserves in Peru and Chile are esti- 
mated to be about 1 billion tons, as shown in the tabulation below.! 

Note that only a small fraction of the reserves has actually been 
measured ; over 90 percent of the total stated reserves are indicated, 
inferred, or potential reserves. With these classifications there is 
generally a considerable margin of error, and most frequently the 
reserves are stated conservatively. It is, therefore, reasonable to 
assume that total reserves in these two countries, including the low- 
grade reserves, amount to 1 to 2 billion tons of ore averaging approxi- 
mately 50 percent iron content. 


(Millions of tons] 


Unfortunately, these reserves are ner out over many separate 
deposits, as indicated below. It should be realized that these estimates 
are constantly being modified.? 


Peru: 


Sksseee Ses 


1 Now depleted. 


The lack of large, single deposits of high-grade ore limits the 
feasible rate of mining operations. A single ee ore deposit 
of this magnitude might be exploited at a rate of 30 million tons over 
50 years; but the series of relatively small deposits indicates that all 
deposits will not be exploited ene Further, it is quite 

oi 


likely that for several of the deposits, exp 
commence by 2000. 

Potential production—Based on this reasoning and on indications 
that the Marcona deposit may be yielding 10 million tons annually 
aoe it is estimated that by 1975 total production in Peru and 

hile may be double the current level, or 15 million tons _ year 
giving reserves a life of at least 75 years. Net export for the period 


1975 to 2000 is estimated to remain relatively constant at 13 million 
tons per year. 


tation will not even 


/— “Survey of World Iron Ore Resources,”” United Nations, 1955, p. 24. 
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Export markets—While there is considerable uncertainty with 
regard to the magnitude of exports, there is at least as much un- 
certainty as to the destination of these exports. Possible market 
areas are Japan, the west coast of the United States, the east coast of 
the United States, and Europe. As discussed before, there may be 
a movement to Japan during the 1960’s, but by 1975 it is expected 
that. Japan will be basically oriented to India for iron ore. Shipments 
to the west coast of the United States are estimated to be 3 million 
tons in 1975 and 6 million tons in 2000, with additional imports for 
the. area (to be discussed later) coming through the canal from the 
east coast of South America. This would leave 10 million tons to 
— through the canal to the east coast of the United States and 

urope in 1975 and 7 million tons in 2000. 

So far as can be determined, the canal has relatively little impact 
on ore shipments; that is, there is little reason to expect that the 
western portion of the Americas will be market and source oriented 
within this region and that the eastern part of the Americas will be 
primarily so oriented. Of far more importance than canal transit 
costs and limitations is the ore price on the dock, the ore composition, 
the distance from source to market, and the relationship between 
mining company and steel company. All these factors point to the 
likelihood that there will be shipments of ore from east to west through 
the canal as well as from west. to east. 

The major problem which may have to be faced is the size of ore 
carriers. Since 45,000-ton ore carriers are about the maximum which 
can pass through the canal, the economics of east-to-east movement 
and west-to-west movement in 100,000-ton carriers may be enhanced 
over east-to-west and west-to-east movement through the canal in 
45,000-ton carriers. 

sing preliminary data available on current construction and 
operating costs of U.S.-built ore carriers, an 80,000-ton ore carrier, or 
larger (when and if they are built in this size), operating over a given 
distance on a route not including canal transit, would have a trans- 
portation cost per ton of ore carried approximately 15 percent lower 
than the unit transportation cost for a 40,000- to 50,000-ton ore 
carrier operating over the same distance but including canal transit. 
The differential in delivered price of the ore, assuming identical prices 
at the source, would be less than 10 percent. Some of this differential, 
however, may be eliminated because most ports cannot handle ore 
carriers larger than 60,000 tons. Even with the port improvements 
which may take place, it is doubtful that many ports will be able to 
handle these large ore carriers; i.e., have the channel depth and width 
to permit the carriers to move to unloading docks without lightering. 
The additional handling required for these large carriers may there- 
fore add appreciably to she londien and unloading costs, reducing the 
differential in delivered price to well under 5 percent. ; 

This differential may influence some shipments, but in general it 
appears that the ship size limitation of the canal would be less im- 
portant in determining sources of supply for a given market than would 
the factors mentioned above such as ore composition, dock price of the 
ore, mileage between source of supply and market, and the relationship 
between mining company and steel company. 
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Movement of iron ore to the west coast of the United States 


Iron-ore requirements:—Based upon the estimated steel-ingot pro- 
duction in the 11 Western States, the market for iron ore in this area 
should reach about 18 million tons in 1975 and 35 million tons in 
2000. Most, if not all, of the increase ores Bio levels should take 
place on the west coast rather than in the Mountain States. 

As compared with the U.S. iron ore consumption estimated earlier, 
the western requirements amount to 9 percent in 1975 and 10 percent 
in 2000. This is a significant increase over the current percentage, 
but is modest as compared with estimated western population per- 
centages of the Nation—16 percent in 1975 and 18 percent in 2000— 
and when compared with the long-range industrial potential of the 
West. 

Sources of iron ore for the West.—The West is currently self-sufficient 
iniren ore, and, in fact, exports a small tonnage to Japan. The extent 
to which the area can increase its iron ore output appears to be rather 
limited, however. Latest data released by the U.S. Department of 
the Interior * show that the West has about 500 million tons of reserves 
and about 200 million tons of potential ore. This is 8.7 percent of the 
presently estimated U.S. reserves and 0.8 percent of the potential ore. 
Some of the recent developments in Montana and Nevada will prob- 
ably raise these estimates; yet current thinking of the western steel 
industry is that western ore production will be limited to a level of 
about 10 million tons, compared with a 7- to 8-million-ton average 
for the past 5 years. Potential production is limited not only by the 
magnitude of reserves but by the distribution of the reserves over 
many small deposits and by the relatively inaccessible locations of 
some of the deposits, particularly with respect to mills located on the 
west coast. 

Other potential sources of iron ore are other western regions of the 
North American Continent. British Columbia is presently produc- 
ing a small quantity of iron ore; but the deposit is small, and the 
geology of the area is not favorable to additional ore discoveries of 
appreciable magnitude. Alaska could possibly have major ore de- 
posits, but none are now known, and the same is true of western 
Mexico. Estimated production in these three areas available to the 
western steel industry is estimated at 2 million tons in 1975 and 5 
million tons in 2000. 

_ Subtracting the total potential western North American supply of 
iron ore from the western market leaves 6 million tons in 1975 and 20 
million tons in 2000, for which the most probable source is South 
America—or possibly eastern Canada. It is doubtful that all of this 
tonnage would come from the west coast of South America, because 
the major steel companies operating or marketing in the West do not 
have significant deposits in this area, but do have major deposits on 
the east coast of South America and are currently exploring for de- 
posits in this area. Moreover, before the western steel industry needs 
significant imports of iron ore, long-range arrangements may be estab- 
lished between eastern or European ore importers and suppliers on 
the west coast of South America. While there can be no firm basis 
for on the movement to the western steel industry between 
western and eastern South America as sources, a reasonable inter- 


LT 
*U.8. Department of the Interior Information Service, “ 
Talt te ane » “Geological Survey Estimates, U.S. Iron Ore 
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mediate estimate between the two extremes possible is 3 million tong 
from each source in 1975, and for 2000 the estimate used is 6 million 
tons from western and 14 million tons from eastern South America, 


Recapitulation of potential traffic 


The estimates discussed above are summarized in the following 
tabulation: 
[Millions of tons] 


alan boo 


Summary of canal potential: 
East coast South America to west coast United States 
West coast South America to east coast United States and Europe 


42 


IRON METAL 


Historical shipments of iron metal through the Panama Canal have 


shown considerable fluctuation, ea ae by trade route. Imports 


of pig iron to most countries are due to short-term situations, stem- 
ming from a temporary lack of production capacity to meet market 
requirements. As local pigaron supply and demand are brought 
into balance, imports are gradually reduced or eliminated. Currently, 
85 percent of the pig-iron shipments (180,000 tons in 1957) through 
the canal is destined for Asia, virtually all of which is for Japan. 
Blast-furnace capacity in Japan is being increased rapidly, however, 
with the 1955-56 capacity of 6.7 million tons scheduled to jump to 
9.2 million tons by 1960, 10.6 million tons by 1963, and 13.9 million 
tons by 1975. While it is difficult to balance this capacity against 
Japan’s future pig-iron requirements, the rapid increase in capacity 
and the aggressiveness of Japanese industry are indications that 
ao of pig iron to this country will be eliminated, probably 
within 5 years. 

The relatively minor movement to Australasia is accounted for 
primarily by New Zealand imports, which are likely to continue. 
Australia, however, is planning a 30-percent increase in blast-furnace 
capacity by 1960, which should elimimate future pig-iron imports for 
some time. 

The west coast of South America is also a small importer of iron 
metal, varying in the past from several thousand tons to a high of 
18,000 tons. These imports are primarily for Colombia, Chile, and 
Peru. ‘There are plans, however, to double Paz Del Rio’s (Colombia) 
blast-furnace capacity to 390,000 tons, and Peru is installing two 
Tysland-hole electric furnaces. at. Chimbote with total capacity of 
66,000 tons. Some time after 1960, the Chile plant at Huachipato 
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is scheduled to double its 360,000-ton blast-furnace capacity. Thus, 
with the buildup in local capacity, the dependence on imported pig 
iron should diminish. 

The blast-furnace expansions discussed above are short range. 
It is apparent, however, that it is in the best interests of these 
countries to continue this expansion consistent with the buildup in 
local steel demand. Increasing imports of pig iron, and therefore 
canal shipments of iron metal, are not expected. On the other hand, 
temporary imbalance of local pig-ron supply and demand is likely 
to occur in the various countries. Modest shipments can therefore 
be expected, varying as in the past from a few thousand tons to 
avira) hendied thousand tons annually. For the long-term future, 


an average between 100,000 and 200,000 tons may be expected. 


CHROMITE 


Uses 


The three principal uses for chromite in the United States are for 
manufacturing chromium alloys and stainless steels, as lining in re- 
fractories, and for use in certain chemicals such as pigments and 
leather-tanning solutions. Approximately 56 percent of the consump- 
tion is for alloy and stainless steels, 35 percent for use in refractories, 
and 10 percent in chemicals. 

U.S. requirements are met almost entirely from imports. The 
U.S. consumption approximates 33 percent of total world production 
whereas U.S. production amounts to only 1 to 14 percent of total 
world production. 


Reserves 


Because limits of present reserves have not been accurately defined 
in many countries, considerable variation exists in total estimated 
world reserves. However, total world reserves of 300 million tons, 
exclusive of chromiferous laterite deposits in Cuba, appear reasonable. 
Of this total amount, 80 percent of 240 million tons is located in the 
Union of South Africa and Southern Rhodesia. Approximately 6 
million and 9 million tons are located in Turkey and the Philippines, 
respectively. The bulk of the Philippine reserve is of a refraetory 
grade. It has been estimated that the laterite deposits in Cuba 
amount to 3 billion tons, which should yield 50 million tons of Cr,O;. 
At present, a satisfactory method of utilizing these deposits does not 
exist. 

U.S. chromite reserves are restricted to 60,000 tons of high-grade 
ore located in California, Oregon, and Alaska, and 3% million tons 
of subgrade ore located in Montana and Oregon. High cost of 
transportation and labor, plus relatively small size and inaccessibility 
of these ores have made it impossible for them to compete with foreign 
production. However, in order to stimulate domestic production of 
chromite for security reasons, the U.S. Government has paid domestic 
producers prices above the going rates for chromite. As a result of 
this Government policy, the number of chromite producers in_ the 
United States has increased from 1 to 170 since 1953. Without Gev- 
ernment support, these producers would not be able to compete for 
domestic markets. 

Chromite reserves in Canada are limited to 10 million tons of sub- 
grade ore located in Manitoba. Other chromite deposits are located 
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in New Caledonia, Pakistan, Iran, Afghanistan, Yugoslavia, Brazil, 
Greece, India, Japan, and Russia. 


Trade movements 


European requirements in the past have been supplied from sources 
in South Africa and Turkey. Because most of the total world reserves 
are located in South Africa, European demand probably will be met 
from these sources. The same situation will probably exist for Middle 
East requirements. Consequently, European and Middle East 
requirements for chromite will not involve shipments through the 
Panama Canal. 

The other major movement of chromite ore results from U.S, 
imports. In the past the major supply of chromite to the United 
States has come from the Philippines, aches, Union of South Africa, 
and Southern Rhodesia. These countries have supplied approxi- 
mately 30 percent, 25 percent, 15 prows, and 10 percent of U.S, 
requirements, respectively. Only those shipments from the Philip- 
pines to the east coast and Middle West of the United States have 
involved movements through the Panama Canal. The majority of 


U.S. chromite consumers are located on the east coast or in the 
Middle West. 


Forecast of U.S. requirements and sources 


The following table illustrates the forecast U.S. demand for chromite 
for the years 1975 and 2000 and actual consumption in 1955. This 
demand is broken down into major use classifications. 


[Millions of tons] 


The largest increase is expected in the demand for metallurgical 
chromite, which shows a 350-percent increase by the year 2000. 
Metallurgical chromite consumption is directly related to the demand 
for eteinies steel and the demand for alloy steel. Since 1934, U.S. 
production of stainless steel has increased 20 times and production 
of alloy steel has increased 5 times. For the same period, total pro- 
duction of steel has increased only four times. Because the demand 
for stainless steel and for alloy steel in the United States is expected 
to increase by 400 and 300 percent, respectively, by the year 2000, 
during the same period metallurgical chromite demand is expected to 
increase by 350 percent. 

Refractory chromite is used chiefly in lining steel furnaces; and 
consequently its demand will be dependent on the increase in to 
steel production, which is related to the trend im gross natio 
product. An analysis of the trend in gross national product and total 
steel production indicates that the total demand for refractory chro- 
mite will increase by 150 percent by the year 2000. 
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Chemical chromite is of minor importance and is expected to increase 
only 50 percent by the year 2000. Since the Philippine reserves con- ; 
sist primarily of the refractory chromite, and are being consumed at 
an average rate of about 600,000 tons per year in the United States, 
it is probable that the known reserves will be nearing depletion by 
1975. Depletion may occur at a faster rate if Japanese and other 
Far East demands are supplied from the Philippines. After Philip-: 

ine reserves are depleted, shipments of chromite ore through the 

Reaue Canal to the east coast of the United States and the Middle 
West will cease unless additional reserves are found in the Philippines. 
It is understood that the geology in the Philippines shows some 
promise for additional discoveries. 

Since major U.S. sources of chromite will be South Africa and 
Turkey, and since major consumption will be on the east coast of 
the United States and in the Middle West, most of the U.S. chromite 
imports will not pass through the canal.. Until about 1970, however, 
shipments through the canal should continue at the recent level of 
about 500,000 tons per year. Subsequently, shipments may be main- 
tained or may decline, depending on the development of other deposits 
in the Pacific. An intermediate movement of 300,000 tons is therefore 
assumed for 1975 and 2000. 


MANGANESE 
Uses 


The three principal uses for manganese in the United States are: 


(1) As a reagent. in the steelmaking process and as an ingredient in 
special alloy steel, (2) as an oxidizing agen in chemical processing 
c 


and for production of manganese chemi 
dry-cell batteries. 

he steel industry consumes, about 95 percent of the U.S. total 
manganese production; and with the possible exception of Russia, the 
United States is the largest consumer of manganese ore in the world. 
In recent years the United States has produced less than 10 percent 
of its manganese requirements from domestic deposits and has de- 
pended upon other Western countries and upon Africa and India for 
the balance of its requirements. 
Reserves 


_Estimates of total world manganese reserves vary widely between 
different sources. For instance, one source estimated that the Union 
of South Africa has reserves of a billion tons, whereas the second 
source estimated these reserves to be only 60 million tons. Countries 
having major reserves of manganese and the extent of the reserves 
are indicated in the tabulation on page 166. U.S. intermediate ore 
listed in this table is not economic for peacetime use, but is supported 
by Government purchases in order to develop domestic sources for 
security purposes. U.S. high-grade reserves are almost exhausted. 
Trade movements 


In the past, the principal U.S. sources of manganese have been 
India, Cuba, Brazil, Africa, and Mexico. These five countries repre- 
sent about 90 percent of total U.S. imports of manganese. India 
was a source of 38 percent of these imports; Cuba, 10 percent; Brazil, 


, and (3) in manufacturing 
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6 percent; Africa, 32 cent; and Mexico, 5 percent. The 
shipments to the United States from these sources which pass thro 
the Panama Canal are those coming from Mexico. In the past, less 
than 1 percent of the world’s m ese production has been ship 
by way of the Panama Canal. ost Manganese ore imported into 
the United States is delivered to the east coast and is processed within 
350 miles of Baltimore, the main port of entry. 


Forecasts 


Since 95 percent of U.S. consumption of manganese is used in the 
manufacture of steel, future manganese requirements will be related 
to trends in steel production, particularly production of alloy steel 
and to trends in the gross national product. Analysis of future steel 
requirements and increases in national product indicate that 
U.S. demand for manganese will whack 6 million tons per year by 
1975, and 10 to 11 million tons by the year 2000, compared with 1.7 
million tons in 1950. It should be remembered that as the quality 
of available ore decreases, quantities of ore produced will have to be 
increased p rtionately in order to meet growing demands for 
manganese. Since present U.S. sources (India, Africa, Cuba, and 
Brazil) have large reserves of high-grade and intermediate ore, it is 
unlikely that existing trade movements will change. These move- 
ments do not require passage through the Panama Canal. Also 
European, Middle Bast, and Far East requirements can be met from 
sources which will not involve p e through the canal. Therefore 
manne shipments through the Panama Canal will be small and 
will be restricted primarily to shipments from Mexico and other small 


supply sources to the east coast of the United States, In the pete 
10 years total shipments through the canal have fluctuated. but have 
averaged 100,000 tons per year. It is probable that shipments will 
continue at this level in the future. 


TRON AND STEEL MANUFACTURES 


The movement of iron and steel manufactures through the canal 
is considerable, reaching a peak of 3 million tons in 1957. Relatively 
steady growth has been experienced in the postwar period, with 1947 
shipments amounting to 1.4 million tons. Prewar shipments varied 
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from 0.5 to 2 million tons. In 1957, shipments were distributed 
approximately as follows: 


Atlantic to Pacific: 
To west coast Canada 
To west coast United States 
To west coast South America 
To Hawaii 
To Australasia 
To Asia 


Each of these movements is discussed below. 
Atlantic to Pacific 


To west coast Canada 


Shipments to the west coast of Canada are expected to increase 
substantially. Even though local electric-furnace capacity is built up, 
it is highly unlikely that these small plants will be able to produce 
many of the types of products which western Canada will require. 

The economy in western Canada is growing very rapidly. Popu- 
lation is expected to triple by the year 2000 and income should 
quadruple. With this ‘acocsidin economic outlook, the consumption 
of steel should at least quadruple, and shipments through the canal 
are expected to reach 1 million tons by the year 2000. Sources of the 
shipments should continue to be eastern Canada and Europe. 


To west coast United States 

In 1957, shipments to the west coast of the United States were 
approximately 1 million tons from the east coast and 150,000 tons 
from Europe. Shipments from the east coast are primarily from the 
major steel company which does not have an integrated mill in the 
West. There are shipments by other steel companies into the 11 
Western States, but these come by rail from the Midwest. 

Western steel mills presently furnish approximately 60 percent of 
the western market. Western steel capacity is expected to build up 
rapidly, however, and it is the feeling of the steel industry that the 
canal shipments from the east coast will not increase. Future ship- 
ments from the east coast, in other words, are expected to average 
about 1 million tons a year. 

The 150,000 tons of iron and steel manufactures brought in to the 
west coast from Europe is in material such as wire products, which 
have a relatively high labor content. Western mills cannot compete 
on these products. So long as the wage disparity between the United 
States and Europe continues, it is load that the shipments from 
Europe will increase, along with the natural increase in the market 
for these products. By 1975, therefore, shipments from Europe 
may reach 300,000 tons; and by the year 2000, 600,000 tons. 

To west coast South America 

Shipments through the canal to the west coast of South America 
amounted to 460,000 tons in 1957. As with most other areas with 
relatively small but growing steel capacity, it is difficult to project the 
portion of the local market which may be met by local capacity and 
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imports will continue, for the local markets cannot economic 
produce all the types of products which are needed. After considering 
the planned builds 

that steel capacity will build up more rapidly than will the market for 
the products which are presently being manufactured. In other 
words, future steel mills will produce products which they are not now 
capable of making. Estimates of 600,000 tons for the year 1975 and 
800,000 tons for the year 2000 assume that steel imports will be a 
declining share of the steel market but that the market for imported 
products such as heavy structurals will increase substantially. 


To Hawaii 


Shipments to Hawaii through the Panama Canal were almost 
40,000 tons in 1957. There has been extensive study of a possible 
electric furnace in Hawaii, utilizing steel scrap, but no action has yet 
been taken. Assuming that a mane can be justified by 1975, it is 
expected that a portion of Hawaii’s steel requirements can be met 
locally. On this basis, the market for products which could not be 
made locally and which therefore represent potential shipments 


through the canal is estimated to be approximately 30,000 tons in 
both 1975 and 2000. 


To Australasia 


Canal traffic in iron and steel manufactures destined for Australasia 
was 220,000 tons in 1957._ A moderate growth in this traffic is ex- 
pected, first because New Zealand probably will not have local steel 
capacity and because Australia will not be able to manufacture eco- 
nomically all the products it requires. Moderate increase in ship- 
ments to 300,000 tons in 1975 and 400,000 tons in 2000 is therefore 
expected. 


To Asia 


Canal traffic in this category destined for Asia was about 670,000 
tons in 1957, substantially higher than prior years. In 1956, the 
movement was only 85,000 tons; and for the period 1950-55, the move- 
ment averaged approximately 100,000 tons, originating primarily from 
the east coast of the United States. The high shipments in 1957 
indicate a sudden demand for iron and steel manufactures in excess 
of the area’s ability to produce these products. The rapid increase 
in steel capacity presently scheduled for Japan and India, however 
would indicate that this temporary imbalance would be eliminated 
shortly, but some shipments are likely to continue. Estimates for 
1975 and 2000 are for 200,000 tons, approximately double the recent 
shipments, with the exception of those in. 1957. 


Pacific to Atlantic 


The movement of iron and steel manufactures from the Pacific to 
the Atlantic is difficult to explain. It is a relatively small movement— 
170,000 tons in 1957—and probably the best explanation for this move- 
ment is various special products. It is therefore not unreasonable to 
expect that this type of movement may continue as a relatively small 
proportion of total trade. An estimated movement of 200,000 tons 
in.1975 and 300,000 tons for 2000 allows for some increase but lowers 


this movement as a percent of total requirements for the importing 
countries. 


that which will be imported. There is no question, however, that 


up in local steel capacity, however, it is apparent 
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Summary 


The projected shipments of iron and steel manufactures through the 
canal are summarized below: 


[Thousands of tons] 


Atlantic to Pacific: 
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SECTION II 


NONFERROUS ORES AND METALS 
(By Sherman H., Clark and H. Gordon Pearce) 


COPPER 


Uses 


The electrical industry accounts for about half of the copper con- 
sumption ; the balance is used by the alloys industry in manufacturing 
brass, bronze, and other metals or alloys. 


Reserves 


An indication of world copper reserves, by region, is given in table 
II-1. The estimate of 190 million short tons is intermediate between 
the latest high and low estimates of 240 and 140 million tons, 
respectively. 

In considering these estimates, it should be realized that (1) physical 
measurement of existing reserves is virtually impossible, (2) company 
estimates of reserves are generally understated because taxes are paid 
* stated reserves, and (3) recoverable reserves depend on the price 
of copper. 


With respect to the last point, it is probable that the reserves given 


in table II-1 are available at the ave See price of copper; 
e 


additional reserves are undoubtedly avai 
higher than this average. 


Demand 


Free world copper consumption has increased from a level varying 
between 1 to 2 million tons during the 1930’s to 2 to 3 million tons 
during the first postwar decade. In 1955 and 1956, consumption 
reached an all-time high of 3.5 million tons. 


at a price significantly 


TaBLe Il—-1.—Approximate world reserves of copper, by region 
[Millions of short tons] 


Metal Percent of 
content world total 


s 


Source: Based on data received from copper companies. 


wen regional growth has varied considerably. Consumption in the 
nited States since World War II has remained stationary at 1.3 to 1.5 
million tons, except for depressed conditions in 1949 and 1954. During 


171 





172 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


this dynamic postwar period, when gross national product increased 
40 percent, copper consumption failed to increase. In Europe, on the 
other hand, copper consumption increased 50 percent from the prewar 
and early postwar magnitude and is now at about 1.5 million tons, 
which is comparable to U.S. consumption. 

Consumption in all other areas is small by comparison. Asia uses 
200,000 tons, still below its prewar peak, and Canada uses 150,000 
tons. All other areas use copper at 20,000 to 40,000 tons per year. 

Long-range projections of demand for copper are more difficult than 
for steel, because of possible reserves limitations, potential price as 
compared with competing materials, and loss of markets to competing 
materials. It seems certain, however, that world demand for copper 
will increase gradually. U.S. experience since the war and potential 
reserves limitations are two indications that consumption of copper 
may grow much more slowly than world economic output or industrial 
production. Thus, while industrial production is expected at least to 
triple between 1955 and 2000, copper consumption during this period 
may grow by only about 50 percent, to 5 to 6 million tons. Using 5.5 
million tons as an intermediate estimate, regional distribution by 
2000 may be approximately as follows: 


United States 
All other 
Ee Hc cditbinimdiinee dctieénds sakapioapennancdenee 5.5 

Consumption for 1975 is estimated at 4.5 million tons. 
Supply 

U.S. copper mines are relatively high cost producers, but appreciable 
new capacity has been added in the past 5 years. Long-range output 
of 1 to 1.5 million tons is expected. Africa, although its reserves are 
less than those of the west coast of South America, has pulled ahead 
of the latter in annual production and now produces about 800,000 
tons per year. It is in a fayored position because it has high-grade, 
low-production-cost ore.’ Moreover, the reserves in Africa are 
undoubtedly understated. The west coast of South America has 
remained at a production of about 700,000 tons or less for the past 
15 years. Production in all other regions of the world has been 
relatively small. 

Based upon the stated reserves and the possibility of new discoveries, 


it is expected that production by region may be approximately as 
follows in 2000: 


Copper movements 


Principal movements of copper through the Panama Canal since 
World War II have been from the west coast of South America to the 
east coast of the United States and Europe and from the west coast 
of the United States to Europe. 
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In contrast to iron and most of the ferroalloys, the bulk of world 
trade in copper is carried out in copper-bearing material which has 
been through one or more stages of smelting and refining. Approxi- 
mately 10 times as much copper which has been refined in some degree 
moves in international trade as does copper in concentrates. 

The movement of copper from the west coast of the United States 
to Europe has been relatively small and probably will not continue. 
It is expected, however, that the total production of copper on the 
west coast of South America will move through the cabal to the east 
coast of the United States and Europe. Requirements on the west 
coast of the United States can be met from domestic sources in Arizona 
and Utah. It is expected that the entire movement will be in metal 
form, so that the shipments in the year 2000 would be 1.5 million tons. 
In 1975, shipments are expected to be about 1.1 million tons. This 
is in line with the short-range plans of the copper companies in South 
America, which expect to cash 1 million tons by 1965 to 1970. 


LEAD 
Uses 


The principal uses of lead are for storage batteries, tetraethyl lead, 
cable covering, paint pigment, building construction, ammunition, 
and various alloys. An important application of lead is nuclear 
shielding against certain types of dangerous radiation. 

The greater part of lead used as metal is ultimately reused as second- 
ary metal, but that used as pigments and chemicals is wholly lost. 


Reserves 


Total developed world reserves of lead ore are estimated to con- 
tain approximately 40.5 million tons of the metal. In all probability 
the lead content of inferred ore is somewhat larger. Of the total 
developed reserves, 10 million tons are in North America, 2.5 million 


in South America, 10 million in Europe, 3.5 million in Africa, 2 million 
in Asia, and 12.5 million in Australia. The largest and mest important 
reserves are in Australia, Canada, the United States, Mexico, Peru, 
Argentina, Bolivia, Germany, Spain, Italy, Sweden, Russia, Yugo- 
slavia, French Morocco, Algeria, and Burma, 

The recovery of lead from scrap. material constitutes an integral 
and important part of the U.S. lead industry. An exact total of 
secondary-lead smelting and refining capacity is unavailable, but 
secondary-lead smelter capacity approximates 550,000 tons annually, 
Nearly 60 percent of the lead-mine production of the United States 
normally comes from the western part of the United. States. The 
remaining production comes from the West Central and Eastern States. 
_ Since 1950, prospecting, exploration, and preliminary development 
in Canada have indicated approximately 200 million tons of lead- 
bearing ores in the Northwest Territories and in New Brunswick. 


Trade movements 


_. The four largest exporters of lead concentrates are countries of 
little industrial activity—South-West Africa, French Morocco, Peru, 
and Bolivia. In South-West Africa and French Morocco there has not 

en time enough to erect smelting capacity capable of processing all 
of the concentrate output. In Peru there has been little incentive for 
building new smelters, when smelters in the United States and Europe 
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are willing to pay well for lead concentrates. This is true for Bolivia 
as well, where the political climate is an added deterrent to further 
investment. 

In 1952 the United States was the largest importer of lead concen- 
trates—110,000 tons. Belgium and Luxembourg were not far behind, 
with slightly over 90,000 tons. France and Germany were the two 
importers of moderate size, with somewhat over 30,000 tons each, 
The United States gets its lead in concentrates from all over the world, 
Peru, South-West Africa, and Bolivia were the largest suppliers in 1952, 
European requirements were supplied from sources primarily in other 
parts of Europe or Africa. South-West Africa, Morocco, and Peru 
each exported over 50,000 tons of lead in concentrates. 

The bulk of the world’s trade in lead is carried out in completely 
(or almost completely) refined lead. Only eight countries were mmpor- 
tant exporters of lead in 1952, with over 70 percent of the total trade 
coming from Mexico, Australia, and Canada. Of total lead exported 
by the major suppliers, about 60 percent came to the United States 
the other major importers are the United Kingdom, the Netherlands, 
and France. The United States derived its imports primarily from 
Mexico, Canada, and Australia—in that order. The United Kingdom 
was supplied by Australia, Canada, and Mexico, and France was sup- 
plied primarily from African countries. 

Lead production in the free world has remained rather constant 
since 1930. During this same period, production in the United States 
and Mexico has remained very regular, whereas Canadian production 
has dropped. South American and African production has been in- 
creasing rapidly. The market outlook for lead is not promising; even 


though consumption has risen steadily since the ge consump- 


tion is at a level comparable to that of 1929. Nevertheless, some 
further increase is expected, perhaps to 2.2 million tons in 1975 and 
2.6 million tons in 2000, as compared with 1.8 million tons in 1954. 

Primary sources of traffic for the canal are movements from the 
west coast of Canada, and west coast of South America, and Australia 
to the east coast of the United States and Europe. However, all lead 
Pere in these sources does not pass through the canal; less than 

alf of lead produced in Australia and on the west coast of South 
America moves through the canal. 

With a gradual increase in the consumption of lead, a decline in the 
U.S. production, and a moderate potential increase in lead production 
on the west coast of South America, and particularly Australia, it is 
plausible to expect increased canal shipments. If all production m 
the latter two areas plus that on the west coast of Canada were dive 
through the canal, total shipments could reach 800,000 tons by 2000. 
However, since other markets, particularly those in the Far East 
must be served, shipments are estimated at 300,000 tons in 1975 and 
400,000 tons in 2000. 

ZINC 
Uses 

The oes single use of zinc—galvanizing—accounts for about 40 

parser of the total slab zine consumed. ‘Diecasting is the second 

est use for slab zinc. It is considered likely that uses for zine 
in diecasting will increase further, for although much is heard of the 
inroads of aluminum in this field, zinc has inherent, mechanical, 
physical, and chemical advantages that makes it preferable to alumi 
num. Also, zinc sells at about two-thirds of the price of aluminum. 
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Large quantities of zinc (slab) are used in brassmaking, especially 
in wartime. Since 1946, zinc consumed for brass has averaged less 
than 15 percent of the total slab zinc used. Zinc is also used in sheet 
and rolled forms and as pigments and chemicals. 


Reserves 

Reserves of zinc ore are widely distributed, important deposits are 
to be found in the United States, Canada, Mexico, Argentina, Bolivia, 
Peru, Chile, and Greenland in the Western Hemisphere and in many 
countries of Europe, Africa, and Asia, as well as mm Australia. Zinc 
reserves in the measured and indicated classifications are estimated to 
total over 70 million short tons of metal. Of this amount, about 35 
percent occurs in North America, 8 percent in South America, 30 
percent in Europe, 15 percent in Australia, and about 8 percent in 
Africa and Asia. Available information suggests that total zinc 
reserves in measured, indicated, and inferred ore approximate 200 to 
300 million tons. 


Trade movements 


In 1952, international commerce in zine concentrates accounted for 
27 percent of the world zine mine production, and of the total zinc 
which traveled from one country to another, approximately 65 percent 
was in concentrates. Of the zinc mined in 1952, 57 percent entered 
international trade. The three leading exporters of zinc in all forms 
in 1952 were Canada, Mexico, and Australia—in that order. The 
three largest exporters of lead were Mexico, Australia, and Canada. 

Less than 28 percent of the lead in international commerce moves 
as lead concentrates. Mexico has attempted to retain as much metal- 
processing activity as possible within its own borders. Although this 
country has negligible exports of lead concentrates, about 85 percent 
of Mexican zinc exports leave the country as a concentrate. It 
appears probable, however, that it will not be many years until zinc 
smelting capacity in producer countries is greatly increased and trade 
in zinc concentrates is largely reduced. 

In 1952, the United States was the world’s largest importer of zinc 
concentrates, with more than 48 percent of total world trade. The 
only other importer of major importance was Belgium, with 25 percent 
of all exports. The United Kingdom and France were moderately 
large importers of zinc concentrates, with nearly 11 and 10 percent, 
respectively; and Norway and Germany received minor amounts. 
The United States obtained concentrates from every continent but 
Asia—with Mexico and Canada the major suppliers. 

European egy pdr were supplied with zine concentrates from 
Canada, South America, Australia, Africa, Spain, and Italy. Mexico, 
Canada, Peru, and Australia were the major exporters of zinc con- 
centrates, with 1952 shipments of 205,000 tons, 182,000 tons, 115,000 
tons, and 100,000 tons, respectively. 

Of the total zinc metal shipments, Canada, Belgium, the United 
States, and Australia exported 79 percent; and nearly half of all ex- 
are went to the United Kingdom, with ae ing to the 

nited States, principally from Canada. The United King om ob- 
tained most of its zinc metal from Australia, the United States, 
and Canada. Other European countries depended upon the United 
States, Africa, and various Serensith countries for requirements. 
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Canada was the principal exporter of metallic zinc, its exports goi 
to the United Kingdom and the United States. Belgium exported to 
other European countries. 

The production of zine ore has experienced a gradual upward trend 
since 1930. Production in Africa, South America, Canada, and 
Mexico have been increasing rapidly, offsetting downward trends in 
Europe, Australia, and the United States during the same period. 


Panama Canal potential 


The world production of zinc is difficult to project, as is the future 
production of lead and copper, because there is likely to be continuing 
replacement of traditional markets by other metals. Despite this 
replacement, however, a modest growth in the total use of zine is 
probable because of the tremendous expansion destined to take place 
in the world economy. For purposes of this study, production is 
estimated to increase from 2.8 million tons in 1956 to 3.5 million tons 
in 1975 and 4 million tons in 2000. Allocating this production to 
regions on the basis of reserves, U.S. production is expected to drop 
20 percent, to 0.4 million tons in 2000. Modest increase in production 
in Canada and Mexico is expected, and production on the west coast 
of South America is expected to increase from 0.18 million tons in 1956 
to 0.35 million tons in 2000. Australian production is also expected 
to double. Increases in production of 50 to 75 percent are expected 
in Europe, Asia, and Africa. 

Considering the regional supply-demand balance, movement to the 
eastern and European markets from the west coasts of Canada, 
Mexico, and South America together with Australia should continue 
to be the source of canal traffic in zinc. An approximate breakdown 
by source is given below: 


BAUXITE 


Most of the bauxite consumed in the United States (86 percent since 
World War IT) has been used in the production of alumina. Bauxite 
is also used in increasing amounts in the abrasive, chemical, and 
refractory industries. 


Reserves 


According to the Office of Defense Mobilization, the 1950 estimate 
of world bauxite reserves totaled 1.6 billion metric tons, about 115 
times the 1953 production.! World bauxite reserves were estimated 
by representatives of the Reynolds Metal Co. to be 2.4 billion metri¢ 
tons in 1953. The principal reason for the variance between the two 
estimates is the differences in the estimates of the reserves in China 
and India. A summary of estimated world bauxite reserves as of 
October 1950 is given in table II-2. 


1 Bureau of Mines, U.S. Department of the Interior, ‘Mineral Facts and Problems,” Bulletin 556, 1956, 
p. 28. 
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TaBLe I]-2.—Estimate of world bauzite reserves as of October 1950 


Millions | Percent 
Country of metric | of world 
tons reserves 
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Great areas exist in South America, Africa, and Asia that have 
never been thoroughly prospected for bauxite, making the possibility 
of world bauxite exhaustion very remote. 

Among the large consumers of bauxite, only France is self-sufficient. 
The United States, although a large producer of bauxite, imports most 
of its requirements. There is a shortage of abrasive-grade and other 
high-grade bauxites, in particular, in the United States. Reserve 
data compared with requirements for the expanding aluminum 
indicate that if the United States had to be entirely self-sufficient in 
raw materials for over 5 years, it would be forced to use grades of ore 
that have never been employed commercially. 

The only bauxite deposits known on the North American Continent 
occur in two districts of the United States: Central Arkansas and the 
southeastern part of the United States. 


Trade movements 


Well over 7.5 million tons of bauxite enter international trade, but 

only half a million tons of aluminum metal. This is primarily because 
bauxite, unlike tin concentrates, is mainly imported in amounts no 
greater than those needed as aluminum by the industries of the import- 
ing countries. The major exception is Canada, which imports more 
than 2 million tons of bauxite and sends out more than 400,000 tons 
of aluminum. Over 60 percent of this tonnage goes to the United 
Kingdom, and some 30 percent to the United States. The United 
States and the United nding are the only large importers of 
aluminum. Norway is the only other major exporter of aluminum, 
but ships less than one-tenth the amount shipped by Canada. 
In 1952, Surinam and British Guiana dominated the world’s trade 
in bauxite by exporting 40 and 29 percent, respectively, of the 7.7 
million tons exported in that year. These shipments represented 
about 6 and 3.4 percent of their respective reserves. 

Surinam exports practically all its production to the United States, 
Whereas British Guiana exports most of its production to Canada. 
Yugoslavia is the main supplier for Germany and Italy, and Indonesia 
delivers half its exports to Japan, the balance going to Germany, the 
United States, and several other countries. The Gold Coast exports 
only to the United Kingdom. Jamaica sends all its production to the 


United States. Other trade movements exist, but they are of lesser 
importance. 
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Panama Canal potential 


The present water movement of bauxite for the United States is 
nearly all from the West Indies to the gulf coast. The bauxite is 
processed into alumina which then moves by rail to the aluminum 
plants, even to those located in the Northwest. Thus, neither bauxite 
ol alumina moves through the canal in significant volume for U8, 
plants. 

According to industry sources, the movement of alumina from the 

f coast to the Northwest plants should continue to be by rail, 

uture sources of bauxite should also fail to create traffic for the canal. 
The Caribbean area, with its huge bauxite reserves, should continue 
to be the dominant source of supply for the United States. If Aus- 
tralian or Hawaiian deposits are exploited, however, it is expected 
that these sources would supply alumina plants which would be built 
in the Northwest to utilize these deposits, rather than bring the bauxite 
through the canal to the gulf coast. 

The only significant source of canal traffic in bauxite or alumina is 
the movement of alumina from Jamaica to the new smelter at Kiti- 
mat, British Columbia. Shipments in fiscal 1957 amounted to 239,000 
long tons. This plant is designed for expansion to a capacity of 550,000 
ingot tons, for which approximately 1 million tons of alumina will be 
senor It is assumed that the Jamaica alumina plant will continue 
to be the source of supply, so that projected canal traffic is estimated 
to be 600,000 tons in 1975 and 1 million tons in 2000. 

The Kitimat plant is also the source of the major canal traffic in 
aluminum metal. Since a large share of the aluminum metal produced 
in the Northwest is shipped to eastern and midwestern mills by rail, 


it is apparent that the western market for Kitimat metal is extremely 
limited. Japanese producers will Prenat stiff competition for Kitimat 


in the Far East, so that much of the Kitimat production can be ex- 
pected to move through the canal to eastern and European markets. 
It is estimated that this movement will approximate 225,000 tons in 
1975 and 375,000 tons in 2000. 


TIN 
Uses 
The most important single use for tin is in the making of tinplate. 
Tin is also used in various alloys, foil, and chemicals, 


Reserves 
In the Paley report, tin reserves of the free world were estimated 


as follows: 
Long tons! 


1 Contained tin metal. 


As very little definitive information is available, the foregoimg 
estimates represent little more than orders of magnitude. Secondary 
tin is reclaimed from tinplate and scrap. The annual yield has equaled 
about one-third of the domestic consumption of tin. 
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Trade movements 

Because of unequal and sparse distribution of tin deposits in the 
world, tin mining and smelting are concentrated in a relatively few 
countries, although tin is used throughout the world. Only five 
countries are important exporters of tin concentrates, namely, In- 
donesia, Bolivia, the Belgian Congo, Thailand, and Nigeria. Of the 
total tin in concentrates exported in 1952, Indonesia and Bolivia 
provided almost two-thirds of the tin concentrates in world trade; 
each of the other three principal exporters accounted for about 
one-ninth of the total. 

As only five countries now have large tin-smelting and refining 
facilities in operation, trade in tin concentrates flows in rather re- 
stricted channels. The three largest importing countries in 1952— 
the United States, the United Kingdom, and the Netherlands— 
received 85 percent of the total exports, the remaining going to 
Belgium and Malaya. The United States got its concentrates from 
Bolivia, Indonesia, Thailand, and the Belgian Con about 50 

cent, coming from Bolivia and 25 percent from Indonesia. The 
United Kingdom depended on Bolivia (65 percent) and Nigeria 
(35 percent); and the Netherlands received its supply almost entirely 
from Indonesia. 

Some 115,000 tons of tin metal were exported in 1952. The bulk 
of this tonnage came from the four major smelting countries other than 
the United States. The United States obtained most of its tin from 
Malaya, with some coming from the Netherlands, the United King- 
dom, and Belgium. The United Kingdom got most of its tin from 
Malaya. Other European countries were supplied from the Nether- 
lands and Malaya. alaya also supplied Far East requirements. 

Total world demand has been rather steady, except for a severe drop 
during World War II. Future demand is expected to remain fairly 
constant. Because of the sparse distribution of deposits and smelters 
and because no greater change in demand is anticipated, shipments 
through the canal are expected to remain at about 100,000 tons per 
year in 1975 and 2000. 





SECTION III 
LUMBER 
(By Gerald S. Gilligan) 


North America and Europe, being most highly industrialized, con- 
stitute the major consuming areas of the world for lumber. These 
continents also include the most important lumber-producing areas 
of the free world. Europe, on balance, is a net importing continent, 
while North America is a net exporting area. A substantial volume 
of the exports from North America is shipped to Europe. 

Historically, the only significant lumber movement through the 
Panama Canal has been from the Pacific to the Atlantic, ranging from 
slightly less than 2 million to more than 3.7 million long tons. From 
3.5 million long tons in 1930, shipments of lumber through the canal 
declined during the thirties but were back close to predepression 
levels by 1939. In the postwar period, lumber shipments through the 
canal have been generally up, reaching a peak in 1954-55 fiscal years. 
Since that time, when more than 3.7 million long tons of lumber were 
shipped through the canal, shipments have declined to about 2.9 
million tons in fiscal 1957. Virtually all of the movement of lumber 
through the canal has been in softwood species, largely green Douglas- 
fir sat hemlock, with smaller amounts of spruce and white firs. Fur- 
thermore, these shipments are characteristically dimension lumber. 

Since 1930 almost all of the lumber shipped through the Panama 
Canal to the Atlantic Ocean has originated on the west coast of the 
United States and British Columbia. (See table III-1.) In 1957 
these two supply areas accounted for about 94 percent of the lumber 
passing through the canal. Shipments from Atrstradie and Asia as 
well as from the west coast of Central and South America and Mexico 
accounted for the remaining 6 percent in 1957. In the early 1930’s, 
shipments from the west coast of the United States were from four to 
six times as great as shipments from British Columbia. However, in 


the post-World War II period, shipments from the two areas have 
been about equal. 


Tasie III-1.—Lumber shipments through the Panama Canal, by origin (actual, 
1930-57 ; estimated, 1975-2000) 


[Thousands of long tons] 


From From 
west coast From west coast 
United Australia Central Total 
States Canada and Asia | and South 
America 


bo 


SSSeEuNes 


et et et et 


' Not available. 2 Negligible. 
Sources: Actual from Panama Canal annual reports; estimates by Stanford Research Institute. 
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Most of the lumber passing through the canal since 1930 has beep 
destined to the east coast of the United States. (See table III-2) 
Over the past several years, from one-half to two-thirds of the lumber 
shipped through the canal has been consigned to east coast ports of 
the United States. The European market is also important to shi 
pers using the canal—generally from one-fourth to one-third of the 
shipments continue on to Europe. The east coast of the United 
States and Europe combined have accounted for more than 90 percent 
of the lumber shipments through the canal since 1930. 


TaBLe III-2.—Lumber shipments through the Panama Canal, by destination 
(actual, 1930-57; estimated, 1975-2000) 


[Thousands of long tons] 


To east 
To Europe| To Africa 


a 
Sf 
: 


PPE Eee 
SaSlEss 

she Pogo PO S2p992 
BESESSEEE 


1 Not available. 
Sources: Actual from Panama Canal annual reports; estimates by Stanford Research Institute. 


The only other market area of consequence is Africa, accounting for 
from 5 to 10 percent of total shipments in recent years. Aside 
these major areas, shipments by destination are small and scattered, 
In 1957, less than 5 percent of total lumber shipments went to such 
areas as the east coast of Central America, Mexico, the Canal Zone 
ot coast of Canada, east. coast of South America, and the West 

ndies. 


MAJOR FACTORS AFFECTING FUTURE CANAL TRAFFIC 


The economic factors affecting the shipment of lumber through the 
Panama Canal, both historically and in the future, can be grouped 
under three headings: 

1. Supply of lumber from present and potential producing areas. 
2. Demand for lumber in major consuming areas. 


3. Type of transportation used to markets on the east coast of the 
United States. 


SUPPLY OF LUMBER TO WORLD MARKETS 


Since the bulk of the lumber shipped through the Panama Canal for 
the past quarter century has originated in the west coast of 
United States and Canada, primary attention should be given to the 
outlook of future lumber supplies from these geographical areas. 
This is especially important since the last remaining virgin softw 
timber supplies in North America are located in the western parts 
the United States and Canada. In addition, attention must be givel 
to potential future supply areas for lumber to meet world markets. 
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The development of potential supply areas in the Pacific, such as 
Alaska, will, tend to generate additional canal traffic in future years, 
whereas exploitation of potential supply in areas such as Africa or the 
east coast of South America will tend to diminish canal traffic in the 


future. 


Historic major supply areas 

Any consideration of the supply and consumption of lumber by 
region of the United States must start with consideration of the United 
States as a whole. In the United States, as well as in other industrial 
countries, softwood lumber is generall preferred not only for construc- 
tion but also for manufacturing and in the production of shipping 
materials. This preference generally results from the fact that soft- 
wood lumber is easier to work with, is more commonly available in 
longer lengths and wider pieces, and can often be produced at a lower 
price than hardwood lumber. Therefore, in any consideration of the 
demand for lumber, primary attention must be given to the supply of 
softwood lumber available for use. 

Generally, the United States is in a good position insofar as lumber 
supply is concerned. This is especially true of softwoods as indicated 
by the fact that the United States has about 12 percent of the world’s 
supply of softwoods and produces at the present time about 31 per- 
cent of the softwood and hardwood lumber manufactured in the world. 
Although sawtimber growth in the United States is now slightly greater 
than the required cut, this country has changed from a net export 
country to a net import country since World War II. Most of the 
imports to the United States come from neighboring Canada. The 
outlook for the years 1975 and 2000, according to estimates made by 
the U.S. Forest Service, indicate that sawtimber growth will continue 
to remain slightly greater than sawtimber cut through the year 2000. 
This is indicated in the following tabulation: 


Sawtimber, growth and cut in the United States 
(Billions of board feet] 


Source: U.S. Department of Agriculture, Forest Service. 


As these figures indicate, the required cut between the years 1975 
and 2000 is sapietes to increase by less than 25 percent in spite of 
expectations of an increase in gross national product of 3 percent 


om This situation reflects the declining supplies of virgin 
e 


sawtimber in the United States, the expected increase in the relative 
price of lumber, and the higher cost of producing lumber in the future, 
as areas now classified as inaccessible are logged and as a larger 
proportion of our lumber output comes from three farms. 

previous study conducted by Stanford Research Institute indi- 
cated that the production of lumber in the United States might be 
expected to increase very slowly from current levels of about 36 
billion board feet annually to about 41 billion board feet by the year 


576776013 
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1975.’ 1t is further unlikely that the production of lumber in ¢y 
period 1975-2000 will greatly exceed the 41-billion-board-foot 

The price of lumber is expected to increase more rapidly than th 
general level of prices and the prices of competing materials probably 
through the year 2000. This relative price increase is not expected 
to be as great as has characterized the past 25 years. If the past 
rate of increase continues, it appears bkely that lumber would price 
itself out of many of its important markets. 

With expected increase in the tightness of lumber supplies in the 
period between 1975 and 2000, it appears likely that the United States 
will become increasingly more a net importing country and that exports 
from the United States to foreign markets will tend to decline. Con- 
sistent increases might be expected in the volume of lumber imports 
from Canada, especially western Canada, and from Alaska. 


West coast 


The western part of the United States, particularly the Northwest 
and California, has become a major supply area to the United States, 
This region now contains about two-thirds of the Nation’s sawtimber 
volume, about 85 percent of which are softwoods and annually account 
for about half of the humber produced in the United States. Although 
the proportion of sawtimber will tend to decline as the old growth 
forests are cut over, it must be remembered that this area contains 
one-half of the Nation’s growing stock and about one-fourth of the 
Nation’s capacity to produce sawtimber in perpetuity. Furthermor, 
the sawtimber cut that is likely to be obtained in the period 1975-2000 
is now already represented by trees in the ground; it appears likely 
that the West will continue to supply about half of the Nation's 
lumber production throughout the remainder of the century. — Since 
consumption of lumber in the 11 Western States is estimated to be 
only about 18 percent of national consumption, it is apparent thata 
large volume of lumber produced in the West. is shipped to the East, 

hereas the west coast is expected to continue to supply about 
one-half of the Nation’s production throughout the century, consump- 
tion of lumber in the West appears likely to increase at a rate faster 
than the United States as a whole. For example, a previous report 
by the institute * indicated that production of lumber in the West 
might be expected to increase from 51 percent of the national produc 
tion in 1952 to about 52.5 percent by 1975. Over the samejperiod, 
the population in the West is expected to increase from 13.5 percent 
of the national total to about 17.7 percent, and personal income 8 
expected to increase from about 15.4 percent to 19.2 percent of the 
national total. This expected increase in population and income Wi 
resulting effects on construction activity, manufacturing, and gen 
volume of shipments will tend to make the West a more important 
lumber-consuming region of the United States in future years. 1 
might be expected, therefore, that more of the lumber produced 
the West will be used in the West and a smaller proportion will be 
available for shipment to the East over the coming 50 years. 
West coast shipping areas 

With present rail and water rates on lumber shipments from the 
west coast to the east coast of the United States, it is not now economie 
for a mill located more than about 50 miles from west coast ports 


— Research Institute, America’s Demand for Wood, 1929-75, 1954. 
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ship east by water. Characteristically, most of the lumber shipments 
by water eastbound from the west coast originate in mills located at 
tidewater. Lumber from these mills destined to the eastern part of 
the United States generally passes through the Panama Canal and is 
landed at North Telantic ports for backhaul not to exceed about 
50 miles. 

The bulk of these shipments is generally from the Douglas fir 
region in Washington and Oregon, with lesser amounts from northern 
California. As the timber and lumber industry has moved southward 
from Washington through Oregon and into California, lumber ship- 
ments by water from the west coast to the east coast of the United 
States have declined from over a billion board feet in Washington in 
1920 to about a half a billion board feet in the 1950’s. In Oregon, 
however, as the industry moved south, shipments have increased from 
about 200 million board feet in the 1920’s to almost 500 million board 
feet in the 1950’s. Shipments from California are relatively small but 
increasing and in 1956 were about 57 million board feet, or a little 
more than one-tenth of the shipments from either Oregon or Washing- 
ton. Potential future shipments from California are probably not as 
great as from Washington and Oregon because redwood, which is 

revalent in the California area, is characteristically dried and shipped 

ast by rail. However, a continued increase in water shipments 
eastbound from California can be expected throughout the century 
partially to offset declines in shipments from Washington and Oregon. 

The general decline in water shipments from Oregon, Washington, 
and California between the 1920’s and 1950’s reflects the overcutting 
of sawtimber in this region. A recent Forest Service estimate indi- 
cates that cut in the Douglas-fir region is about twice as great as growth 
whereas for the United States as a whole, the growth of growing stock 
is about one-third greater than the cut. In live sawtimber, the situa- 
tion is even more aggravated, with the cut in the Douglas-fir region 
about three times the rate of growth, whereas in the United States as a 
whole, the growth and cut of hive sawtimber is very close to being in 
balance. As a result of this increase in cutover growth in the Douglas- 
fir region where the bulk of the lumber shipments by water originates, 
it becomes necessary for tidewater mills to go farther and farther from 
these mills for their lo 

Since the bulk of the water shipments of lumber to the east coast 
from the west coast has been from large tidewater mills, lumber pro- 
duction costs for these mills have tended to be higher than for the 
average sawmill in the area. Not only have costs climbed for these 
tee, obsolete mills because of the necessity to haul logs from greater 
and greater distances to maintain production, but costs have also risen 
as a result of rising stumpage prices and increasing operating costs 
resulting from declining average log size. Several such mills have 
closed down or have been modernized and reduced in size to remain 
competitive. Such factors will tend to reduce the volume of lumber 

produced in tidewater mills available for shipment to the east coast. 

On the other hand, considerable stability is provided shipments 
of lumber by water to the east coast because many producers are on a 
sustained-yield basis and backed by considerable timber reserves. 
Such producers will doubtless continue to have an incentive to ship 
lumber by water to the east coast because of their attractive competi- 
tive position in an area within 50 miles of east coast ports. 
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As a result of these influences, it is expected that lumber shipment 
water from west coast ports of the United States to the east coast 
of the United States and elsewhere will tend to decline throughout the 
remainder of the century. Whereas lumber shipments from west coast 

rts passing through the Panama Canal in 1957 were about 1.5 million 
ong tons, it might be expected that these shipments could decline to 
about 1 million long tons by the year 2000. 


West coast of Canada 


Although Canada has a larger total forest area (951 million acres) 
as compared with the United States (648 million acres) and a 
commercial forest area (529 million compared with 484 million acres) 
the timber volume on commercial land in Canada is somewhat legs 
than in the United States (397 billion cubic feet, compared with 498 
billion cubic feet). Compared with the population and use of lumber 
in Canada, however, the supplies in that country are more than ade 
quate for domestic use, and a considerable amount is exported. 

At the present time, sawtimber growth in Canada (9 billion board 
feet) is greater than sawtimber cut (7 billion board feet). Of the 
7 billion board feet produced annually in Canada, about half is ex 
ported, and about two-thirds of the exports are to the United States. 
In total, therefore, about one-third of Canada’s lumber production is 
exported to the United States. Of the lumber exported from Canada 
to the United States, much is produced in western Canada, and a 
considerable volume of this passes through the Panama Canal. 

It is generally expected that when Canada’s forests come under 
management and when inaccessible forests are opened up, timber cut 
and lumber production in Canada might be expected to show a con- 
siderable increase. It is further expected that timber growth ma 
ultimately increase as much as 50 to 60 percent above present lev 
after forests have come under management and when old-growth 
forests have been converted to productive stands. It has been esti- 
mated by the United Nations that by 1975 Canada’s forests should 
be able to support a 33-percent expansion in its economy as well as 
maintain current exports and, in addition, be able to develop a vol 
ume of timber equal to almost twice present export levels for new 
exports or for domestic demand. The outlook for the future supply 
of Douglas fir, however, is not expected to be as bright as for other 
softwood lumber species. It has been estimated by the United Na- 
tions, also, that Canada has a 25- to 30-year supply of Douglas-fir im 
accessible forest lands at present rates of cut and an additional 10- 
year supply of these species on commercial forest land now considered 
inaccessible. 

It must be pointed out, however, that the opening up of presently 
classified inaccessible forest lands in Canada will only come with an 
increase in supply price adequate to make these developments e00- 
nomic. As a result, therefore, timber and lumber prices in Canada 
can be expected to increase at a rate more rapid than the price of com 
peting materials throughout the remainder of the century. The over. 
all outlook, therefore, is for a somewhat larger volume of exports of 
lumber from Canada to the United States in the future at higher prices. 


British Columbia 


A substantial portion of timberland and timber volume in Canada 
is located in the Province of British Columbia. It was estimated 
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1952 that mature timber volumes in British Columbia totaled 117 
billion cubic feet and equaled almost two-thirds of the estimated 
sawtimber volume in the western part of the United States. In spite 
of this relatively large inventory in British Columbia, lumber produc- 
tion in that Province has been only about 20 percent of production 
in the western part of the United States. A considerable potential 
supply of sawtimber, therefore, remains in British Columbia, and a 
ciatensial portion of the exports from Canada to the United States 
in future years can be expected to come from this province. 

In spite of the drop in shipments of lumber originating in British 
Columbia and passing through the Panama Canal in fiscal 1956-57, 
long-term trends in lumber shipments from this Province have been 
substantially upward. Shipments in the post-World War II period 
from British Columbia to the east coast of the United States, for 
example, have been substantially higher than in the 1920’s. Whereas 
shipments from British Columbia passing through the Panama Canal 
have averaged about 1.6 million long tons in the past 5 years, it might 
reasonably be expected that these shipments might range from 2 
million to 2.5 million long tons in the period between 1975 and 2000, 
with a steady increase from the lower level to the upper level during 
the period. 

Possible major supply areas for world markets 

Consideration must also be given to other possible lumber supply 
areas in the world which may become considerably more important 
throughout the remainder of the century. Some of these areas will 
tend to increase Canal traffic, such as Alaska, and some will tend to 
reduce canal traffic, such as Africa and the U.S.S.R. 


Alaska 


Although up to the present time little or no shipments of lumber 
from Alaska have passed through the Panama Canal, it appears likely 
that this supply area will become increasingly important to American 
and world lumber supplies in future years. Although lumber produc- 
tion in Alaska at the present time (about 20 million board feet) might 
be considered negligible compared with the United States production, 
Alaska contains 136 million acres of timberlands compared with 648 
million in the United States, or more than 20 percent of the United 
States timberlands. Of these 136 million acres, only about 24 million 
acres are considered accessible at the present time. As far as growing 
stock is concerned, however, supplies in Alaska compared with the 
United States, are less spectacular although still considerable. It is 
estimated that the accessible areas of Alaska contain about 18 billion 
cubic feet of growing stock, compared with 547 billion cubic feet for 
the United States. owever, in the interior of Alaska, it is estimated 
that there are an additional 32 billion cubic feet of growing stock now 
considered inaccessible. As for live sawtimber volume, which is per- 
haps of greater importance for the coming 50 years, it is estimated 
that in all of Alaska, including the interior, there are 269 billion board 
feet of live sawtimber compared with 1,968 billion board feet in con- 
tinental United States. Alaska, therefore, contains somewhat less 
oe 15 percent of the total live sawtimber volume of the United 

ates. 

Of the 269 billion board feet of sawtimber in Alaska, only 89 billion 

ard feet are in the coastal area and about 180 billion board feet 





188 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


are located in the interior in areas largely considered inaccessible, 
About 60 percent of this live sawtimber is represented by conifers; and 
in the coastal region, the predominant species are spruce and h | 
whereas in the interior, the predominant species are spruce and white 
fir. Although Alaska contains a large reservoir of sawtimber vol 
much of it suitable for the production of lumber, it must be poi 
out that these species are also considered highly suitable for the many. 
facture of newsprint and other papers. In fact, in recent years, the 
greatest interest in the national forests of Alaska has been shown 

y pulp and paper producers. However, it might be expected that an 
increasing volume of Alaska’s sawtimber supplies will be converted 
into lumber production for export to the Umted States and i 
other world markets. This utilization will be stimulated by increag- 
ing prices of lumber which will tend to make economic the exploita- 
tion of the more inaccessible stands of sawtimber in the region. 

It is likely, therefore, that during the remainder of the century, only 

a small portion of the sawtimber in Alaska will be utilized for the 
production of lumber; and only a portion of this is likely to pass 
through the Panama Canal to supply markets in the eastern parts of 
the United States, Europe, and Africa. However, because of the large 
potential reserve in sawtimber in this region, it is difficult to estimate 
with any degree of accuracy, the volume of lumber that might be 
expected to originate in Alaska for shipment through the Canal. 
Depending largely on the relative price of lumber compared with the 
price of competing materials and the cost of exploiting Alaska’s timber 
stands for the production of lumber for te, ay shipments of 
lumber from this area might increase by the end of the century as 
high as 500,000 long tons. It is estimated that shipments might 
reasonably be expected to increase from about 250,000 long tons to 
500,000 long tons between 1975 and 2000. 


West coast of Mexico, Central and South America 


Although South America as a whole contains 23 percent of the 
forested area of the world, including the U.S.S.R., lumber production 
in South America and Mexico represents only 3 percent of 
output. Furthermore, it is estimated that only about 3 percent of the 
forested area of South America and Mexico is in softwoods. Muchof 
the timber in Mexico and South America is located in inaccessible areas 
and probably will not be logged within the next 50 years. It has been 
estimated that of the 2.2 billion acres of forest area in Mexico and 
South America, only about 800 million, or about 37 percent, are 
accessible. 

At the present time, the major lumber-producing countries in South 
America are Brazil and entina. These two countries account for 
almost three-fourths of the lumber output of South America. On the 
west coast of South America, the major producing countries are 
Colombia and Chile. These two countries account for less than 20 
percent of South American lumber production and are very | 
exporters of lumber at the present time. Since the bulk of the timber 
supplies of Latin America appear to be most accessible from the east 
coast ports, it appears likely that future increases in exports will come 
from east coast ports. Because of the increasing domestic demand m 
the less abundantly endowed west coast countries, it would appear 
that future lumber shipments from the western part of Mexico 
South America will remain near recent levels. 
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Asia and the Pacific 

Although forested lands in Asia and the Pacific areas account for 
about 16 percent of the world’s total forested land, lumber production 
jn this region accounts for only about 9 percent of world lumber 

roduction at the present time. Of this production, about three- 
fourths originates in Japan. Of the countries within this area, Japan 
is also the major exporting country for lumber, whereas the others, 
on balance, are net importing countries. 

Only about 10 percent of the forested area within free Asia and the 
Pacific area contains softwoods. Only the area within Soviet domi- 
nation is largely stocked with softwoods—of the 1.5 billion acres 
within the total region, about 240 million acres are under Soviet 
control, and of this about 75 percent are in softwoods. 

Shipments of lumber from Asia and the Pacific areas through the 
Panama Canal have historically been small. Because of the relatively 
limited supplies of softwood in relation to local demand, because of 
the availability of other export markets beside those which might be 
reached by passing eeceaihe se Panama Canal, and because of the 
likelihood of continued restrictions on trade within the Soviet bloc, 
it is expected that there will be no substantial increase in Panama 
Canal lumber traffic originating in Asia and the Pacific. 


Eastern Mexico, Central and South America 

As outlined in the previous section, much of the potential lumber 
roduction in this region will be most accessible from east coast ports. 

ith rising cost of stumpage in North America, it appears likely that 
substantial increases will occur in the exploitation of timber and 
production of lumber in South America, particularly in Brazil and 

ntina. The development of this area, however, will be limited 
by the fact that only 3 percent of the forested area of Latin America 
contains softwoods which are most important to world trade. Another 
factor which will tend to retard development in this area is the prom- 
inence of mixed stands of timber which make sawmilling difficult. 

It might be expected, therefore, that this area will supply an in- 
creasing volume of the world’s lumber supplies, but much of it will be 
used domestically. That portion going into world trade will not pass 
through the Panama Canal in volume. 

Afri 

Africa contains about 15 parses of the world’s accessible forests at 
the present time, almost all of which are in hardwoods. The same 
general difficulties which apply to South America will also tend to hold 
true in the development of African forests for the production of 
lumber. In production of softwood for the world market, particu- 
larly for Europe, Africa cannot be counted upon to become a major 
supplier. However, in the production of hardwoods substantial 
increases, accompanied by rising prices, can be expected from this 
continent to meet European demands. 

U.SS.R. 

_ The U.S.S.R. contains one of the major supply areas for softwood 
timber in the world. It is estimated that the viet bloc contains 
more than half the softwood area and timber volumes of the world. 
At present, the U.S.S.R. is producing about 40 percent of the world’s 
softwood timber cut. The Communist countries have historically 
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been a major supply area to the European market, and the futur 
world political situation will play an important part in determini 
whether increases in Europe’s softwood lumber requirements will be 
met from shipments from the Soviet bloc or from exports from North 
America. From the beginning of the century to the beginning 9f 
World War II, a large proportion of European lumber imports wer 
supplied from countries now within the Soviet bloc. Since World 
War II imports from the Soviet bloc have been negligible. Because 
of the location of the Soviet softwood resources, it appears likely that 
any future exploitation will be largely for export. While much of 
total domestic production will doubeless be used for internal growth, a 
substantial portion of the Soviet softwood stands are located in ye 
cold and relatively inaccessible north country. Exploitation of 
Siberian stands or the remote areas of European Russia appear most 
likely to be used for export because of the high cost of transporting 
this timber to domestic markets. However, the high cost of Ihe i 
and transportation may keep these resources economically inaccessible 
for a considerable period of time. 

It is assumed for this report that trade with the Soviet bloc thro 
out the remainder of the century will remain about as it is today, with 
possible slight increases in exports to European markets during the 

eriod. As a result of this, there should be a continuous demand for 
umber from Scandinavia and North America to meet consumption 
requirements in Europe over the coming 50 years. 


Europe 


Although Europe consumes over 20 percent of the world’s lumber, 
it contains forested area equivalent to only about 3 percent of the 
world total. However, 9 percent of the world forests under exploite- 
tation are located in Europe, and Europe supplies practically all its 
own lumber requirements. In 1955, for example, Europe produced 
about 60 million cubic meters of lumber and ‘aupdtted about 19.5 
million cubic meters while exporting 16.3 million cubic meters. 
Major supply countries to meet European demand in 1955 included 
Sweden, Finland, Austria, Canada, U.S.S.R., France, Brazil, and the 
United States. The major supply countries to free Europe were 
Sweden and Finland. 

From the beginning of the century, European forests have been 
used to the utmost productive capacity and during periods of war 
have sometimes been seriously overcut. The cut of wood, nae 
fuel wood, in Europe has been extremely stable during this peri 
averaging 290 million cubic meters annually and never falling in 
peacetime below 260 million cubic meters and never rising above 320 
million cubic meters. As a result of increased allocation of wood to 
lumber at the expense of fuel wood, sawlog production has in 
from 76.5 million cubic meters in 1913 to 95 million cubic meters 0 
1950. Between 1913 and 1950 production of lumber in Europe 
increased from only about 46 million cubic meters to about 55 million 
cubic meters. All of this increase was attained by 1928 when 
production had already reached 55 million cubic meters. 

In general, it might be expected that for the remainder of the cen- 
tury, free Europe will be able to use considerably more softwood lum- 
ber than it can produce. European production might be expected to 
increase very slightly over the coming 50 years as the remaining forest 








BESET See 2252228 23 e878 § 


SOP e* ane? ex 


et ee ae oe, aap 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 191 


lands become accessible (representing only about 3 percent of total 
forested area at the present time) and as growing stock resources in 
countries where forest stands were depleted by war are brought back 
to former levels. Continued demands on North American lumber 
production to satisfy European requirements might, therefore, be 
expected in the coming half century. 


CONSUMPTION OF LUMBER IN MARKETS SUPPLIED BY PANAMA CANAL 


For the past 5 years, 60 percent of the lumber passing through the 
Panama Canal from the Pacific to the Atlantic Ocean has been shipped 
to the east coast of the United States, and 30 percent has been anippers 
to Europe. Of the remaining 10 percent, 8 to 9 percent has been 
shipped to Africa, and the remaining 1 to 2 percent has gone to other 
destinations in the Atlantic trading area. 


East coast of the United States 

Lumber consumption in the United States has increased very 
slowly from about 34 billion board-feet in 1929 to about 38 billion 
bourd-feet at the present time. The United States has the highest 
lumber consumption per capita of any country in the world—being 
almost 4 times that for Europe and more than 30 times that of Africa. 

The failure of lumber consumption to keep pace with increases in 
gross national product and industrial production in the United States 
reflects the rapidly increasing price of lumber in comparison with the 
prices of competitive materials. This increase in price indicates the 
increasing demands being made upon comparatively limited supplies 
of mature sawtimber within the United States and the rising costs of 
exploiting the more inaccessible forests and increased costs of lumber 
production. It is expected that the price of lumber will continue to 
rise at a rate greater than the increase in prices of competitive materials 
throughout the century and that lumber consumption in the United 
States might reach the 45 billion board-foot level by 1975 and possibly 
increase to about 55 billion board-feet by the year 2000. If larger 
volumes of lumber were available at more competitive prices, it is 
likely that lumber consumption would tend to keep pace with the 
growth of the economy. 

The bulk of the lumber consumed in the United States is used in 
the Northeast and North Central regions of the country. It is esti- 
mated that at the present time, slightly more than 50 percent of the 
country’s lumber is used in these regions. Another 29 percent is 
estimated to be used in the South, while only about 18 percent is used 
in the 11 Western States. Although it is expected that consumption 
in the 11 Western States will rise at a rate more rapid than for the 
country as a whole, nevertheless substantial and increasing volumes 
of lumber will be consumed in the Atlantic seaboard, which represents 
the market for the eastbound lumber passing through the Panama 
Canal. The demand for west coast lumber within this market area 
will continue high throughout the remainder of the century. The 
volume of lumber passing through the canal to the east coast of the 
United States will be determined more by the availability of lumber 
at competitive prices than by large changes in demand. 
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Europe 


Over the past 40 years, consumption of lumber in Europe inas shown 
little change. During this period, consumption of softwoods has 
declined slightly, while consumption of hardwoods has increased 
about one-third. At the present time, about 80 percent of the lumber 
consumed in Europe is softwoods. 

The decline in lumber consumption in Europe has been concentrated 
largely in Germany and in the United Kingdom. Whereas these two 
countries were using over 5 million standards in 1913,’ consumption in 
these countries had declined to about 3.5 million standards by 1950, 
Consumption of lumber in the other countries of Europe over the 
same period increased from 5 million standards to 6.4 million standards, 

This shift in consumption has had its greatest effect upon net imports 
of lumber to Europe. In 1913, net imports of softwood lumber to 
Europe represented 20 percent of European consumption. Net im- 
ports had declined to about 12 percent of European consumption by 
1935-38, and by 1950, Europe had changed to a net export area. By 
1955, imports were again slightly in excess of exports. The decline 
in imports during the post-World War II period has resulted largely 
from a drop in imports from the Soviet bloc and from Canada. 

Consumption of lumber in Europe has failed to increase over the 
past several decades because of the high price of lumber compared with 
the prices of competing materials. The decline in imports from Can- 
ada has been in part due to a dollar shortage, while the loss of Soviet 
imports is due to political considerations. As a result of the decline 
in imports from these two areas, supply of lumber in Europe has 
become increasingly tight and prices have continued to rise. 


Future consumption of lumber in Europe depends largely upon 
expectations as to the future price of lumber compared with the prices 
of oneeng materials. Substantial increases in European consump- 


tion of lumber, if it were priced more competitively, have been pre- 
dicted by United Nations studies, especially for use in housing and 
woodworking. However, because of expectations of continued in- 
creases in the supply price as a result of logging more inaccessible 
areas, the decline in saw log quality, and increasing demands made on 
wood for other products, future consumption increases in Europe might 
be expected to be limited. Since future increase in consumption m 
wee will be largely met by increases in imports, particularly from 
North America, it is expected that shipments through the Panama 
Canal to Europe will increase from an average of about 1 million long 
tons over the past 5 years to perhaps 1.3 million tons by 1975 and L.5 
million tons by the year 2000. 


Africa 

Africa, which constitutes the third most important market for 
lumber shipped through the canal, is a underdeveloped, and pet 
capita consumption of lumber is extremely low. At the present 
this continent is a net importer of lumber, importing softwoods 
exporting hardwoods, principally to Europe. About half of the 
imports in Africa originate in Canada and the United States, and the 
other half originate in Sweden, Finland, and France. Rising demands 


#1 standard is roughly equivalent to 2,000 board-feet. 
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for softwood lumber in the remainder of the century in Europe aoe 
likely to reduce imports from European countries, thereby maki 
shipments more likely from Canada and, to some extent, the Unite 
States. 

With an expected increase in gross national product for the coun- 
tries of Africa of about 4 percent annually for the remainder of the 
century, there is every expectation that demand for lumber will in- 
crease. Imports into Africa, however, as in Europe, will tend to be 
limited by the expected rising price of lumber over the period. Annual 
shipments of lumber through the canal to Africa might be expected to 
increase from about 270,000 long tons in the past 3 years to about 
350,000 tons by 1975 and about 400,000 tons by 2000. 


Other consuming areas 

Shipments of lumber to the east coast of South America and to the 
West Indies have increased very little since the 1930’s. With expected 
rising population, income, and industrial activity in these areas 
throughout the remainder of the century, it appears likely that demand 
for lumber in these regions will increase to some extent. This increase, 
as in other areas, will be limited by the rising relative price of lumber 
compared with other materials. Furthermore, these countries will 
tend to develop their own supplies of timber and probably make wider 
use of hardwoods in coming years. It is expected, therefore, that for 
these “other regions” served by the Panama Canal, consumption 
might be expected to increase slightly from 100,000 long tons in the 
past few years to about 200,000 long tons by the year 2000. In that 


year, shipments estimated to these miscellaneous markets would repre- 
sent less than 5 percent of total lumber shipments through the canal. 


COMPETITION FROM RAIL TRAFFIC 


Shipments from the west coast of the United States and Canada, 
which are expected to continue to supply the bulk of the volume pass- 
ing through the canal through the year 2000, can move to eastern 
U.S. markets either by rail or by water. At the present time, about 
12 percent of lumber production in the Douglas-fir region is shipped 
out of the area by water, compared with about 20 percent of the 
Douglas-fir region production moving by water in the 1920’s. As 
a result of adjustment of rail rates in the 1930’s, the volume of water 
shipments compared with rail shipments declined. It is likely that 
in the coming 50 years, some proportion of lumber eastbound will 
continue to move by water. e proportion will depend, among 
other factors, upon the relative cost of transportation. 

At the present time, the cost of shipping lumber from the west to 
the east coast is virtually the same by rail and water. Water trans- 
portation apparently has a slight advantage when lumber can be 
shipped from tidewater mills to east coast ports with a limited back- 
haul to market. Lumber that is shipped by water is characteristically 
heavy species, such as Douglas-fir ona hemlock. On water shipments, 
rates are based upon volume rather than by weight, and heavy species 
benefit. At the present time, the estimated rail cost per thousand 
board feet of green Douglas-fir shipped east of Chicago is about $36. 

8 price would apply to shipments to east coast ports as far south 
as Norfolk, Va. Kail shipments to east coast ports south of Norfolk 
now cost about $39 per thousand board feet. Water shipments, 
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on the other hand, cost about $26 to any east coast port from any 
west coast port, plus $8 or $9 for wharfage, insurance, and handli 
Total cost, therefore, is about $35 by water to the New England and 
mid-Atlantic areas. ‘This is slightly lower than rail transportation, 
especially when handling costs are added to rail costs computed above, 

It is assumed in this study that the present rate differentials between 
rail and water shipments will continue in effect in the period 1975-2000, 
Since many lumber producers operate their own ships in intercoastal 
trade, aud because of the general desire of the shipping industry to 
maintain a portion of Seaber business, it appears Fike y that some 
lumber shipment will continue to move by water. Likewise, the 
railroads, attempting to increase revenues in the face of rising costs, 
are likely to maintain their present competitive rate structure for 
eastbound lumber shipments. If it is assumed that present relative 
freight rates remain in effect throughout the period under considera- 
tion, the expected canal shipments from the west coast of the United 
States and from British Columbia need not be adjusted on this score, 

Another possible influence on the volume of lumber shipments 
through the canal to the eastern part of North America is the con- 
struction of the St. Lawrence Seaway. Because of the expected high 
cost of going around the northeastern part of the country and through 
the St. Lawrence Seaway to reach Lake States ports, it is expected 
that the railroads will continue to maintain their competitive edge in 
all areas of the East, except for a strip close to coiaitel pinta: 


FUTURE LUMBER SHIPMENTS THROUGH THE PANAMA CANAL 


In summary, lumber shipments through the Panama Canal from 
the Pacific to the Atlantic are expected to increase from average 
levels of the past 5 years of 3.4 million long tons to about 4 million 
tons by 1975 and to about 4.3 million tons by the year 2000. An 
expected decline in lumber shipments from west coast ports in the 
United States is expected to be offset by substantial increases in 
shipments from British Columbia and the opening of Alaska to the 
lumber industry. Shipments from other areas are expected to be 
small, representing about 5 percent of the total over the period. 

Lumber shipments to each of the major market areas—east coast 
of the United States, Europe, and Africa—are expected to increase im 
the period 1975 to 2000 compared with present levels. It is also 
likely that the east coast of the United States will continue to be 
a major consuming region for lumber passing through the canal and 
that the European market will become a slightly more important 
market for canal traffic in the future. 
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SECTION IV 
COAL AND COKE 
(By Carl A. Trexel, Jr.) 


The principal coal and coke movement through the Panama Canal 
has been from the Atlantic to the Pacific, and since 1949, it has grown 
to a substantial tonnage. This situation has come about primarily 
because of shortages of high-quality coking coal in two countries of 
the world, namely, Chile and Japan. Domestic production was not 
adequate to meet the demand, and consequently, steel producers in 
these countries turned to the Eastern United States to meet coking 
coal requirements. While the Eastern United States is a considerable 
distance from either Chile or Japan, it was still a logical choice because 
reserves of coking coal are tremendous, quality is excellent, and pro- 
ducers give prompt and reliable service. 

Movement of coal from the Pacific to the Atlantic is virtually non- 
existent, although shortly after World War II, there was a shipment 
of 500,000 to 600,000 long tons of coal to Europe from the west coast 
of the United States during 1947 and 1948. There has been none 
since those 2 years, and it is extremely doubtful that there will be 


oy, shipments in this direction in the future. 
able IV-1 summarizes westbound coal and coke movements 
through the Panama Canal by trade route for the 1930-57 period. 


TaBLe IV-1.—Westbound shipments of coal and coke through the Panama Canal, 
selected fiscal years 


[Thousands of long tons] 
Trade route 1955 


From east coast United States to: 
West coast United States 
West coast Central America and Mexico-|.......-|..------ 
West coast South America 


From Europe to: 
Mh a ed ee ies steadoed wiredty i 1 nee 
West coast Central America and Mexico.|...-....|.--..---|-..-----]..------ 
West coast South America 
Australasia 


Source: Panama Canal annual reports. 
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FACTORS AFFECTING FUTURE CANAL TRAFFIC 


Coal shipments originating on the east coast of the United States 
will represent a major source of traffic for the Panama Canal in future 
years. Increased competition from coal producers in countries to 
which this coal is expected to be sold, or from coal producers in adja. 
cent countries also competing for the same business, is more s a 
tive than probable. Certainly, because of the distances involved to 
some of these potential markets, U.S. producers could lose a portion 
of this export business. On the other hand, it is believed that the 
increase in total energy demand in these countries will likely require 
more, not less, U.S. coal, if prices to the consumer are maintained at 
reasonable levels. Low ocean freight rates during the last 6 months 
have tended to decrease and, to some extent, stabilize the price of 
U.S. coal in foreign markets. This favorable price situation will prob- 
ably last for at least the next 3 to 5 years. 

Another factor which could solidify the overseas coal trade is the 
replacement of smaller coal vessels of 10,000 to 12,000 tons capacity 
with large modern colliers having two to three times the capacity. 

It is estimated that the bulk of future coal movements through the 
Panama Canal will be accounted for by three markets, two of which 
are already fairly large and one which would be new. Existing mar- 
kets are the west coast of South America and Asia (primarily Ja 
and India), and the new market would be the west coast of the United 
States. These areas! are comparatively short of coking coal for the 
steel industry; thus, they are expected to look to the east coast of the 
United States as a long-term source of supply. Consequently, most 
of the future Atlantic to Pacific coal movements through the canal 
will be made up of coking coals. 

Each of the three market areas referred to above is discussed in 
more detail in the following sections, 


AVAILABILITY OF U.S. COAL 


As indicated above, there is every indication that American coal, 
especially coking coal, will continue to supply a substantial and steady 
export trade in world markets for some time. In terms of physical 
advantages, such as available top grades of coal, pgm 
railroads, and excellent port facilities, the United States is capable of 
supplying an export coal trade far in excess of the present oversea 
demand and has the potential for greatly increasing present capacity. 
In view of the long-range estimates for oversea coal trade, the major 
rail carriers handling export coal have expanded or are in the process 
of expanding their facilities to meet expected future demands for 
tidewater loadings. 


1 In the ease of the west coast of the United States, where western coking coals are already avallahie the 
follo reasoning was used. As local steel demand builds up, it is expected that several of the large eastern 
firms will construct integrated facilities in the West. Lacking coking coal reserves, they could either aequire 
a in the West - — —— charges for —s- ae a the Rocky Moana ae 

e coast or expand their eastern eperetiens, peasy ucing mining costs thereby, 
the coal to the west coast via the Panama Canal. T industry itself feels that the latter argument is ca 
and one of the major eastern steel companies indicated that it would probably follow this plan. 
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Tables [V-2, IV-3, and IV—4, which show production of coal in the 
United States, broken down by the 11 Western States and the rest of 
the United States, and exports of coal to west coast South America 
as well as to countries in Asia, are presented for orientation. All of the 
coal moving to the west coast of South America originates on the east 
coast of the United States, as well as a good share of the coal moving to 
Asia. During 1956, the west coast of the United States accounted for 
450,000 metric tons (14 percent) of 3,184,000 tons of total shipments 
to Asia. During 1957, shipments from the west coast amounted to 
910,000 metric tons, or 18 percent of the total 5,100,000 tons going to 
Asiatic markets. Nearly all of the coal moving out of west coast 
ports is fuel coal, not coking coal. West coast shipments of coal to 
Asia will probably continue to increase, but it is doubtful that they 
will ever represent more than 25 percent of the total shipments from 
the United States to Asia. 


Taste IV-2.—Production of bituminous coal, anthracite, and lignite in the United 
States, 1930-57 


{Millions of short tons] 


Total, 
Uni 
tates 


11 western | Rest of the 
United 


1 Estimate. 
2 Estimate based on data for 11 months. 


Norr.—Production in the 11 Western States is for bituminous and lignite only. 


Source: U.S. t of Interior, Bureau of Mines, ‘‘ Minerals Yearbook,” various years; “Inter- 
national Coal ”* December 1957. 


Tasie 1V-3.—Bituminous coal exported from the United States to count-ies on west 
coast of South America, 1950-57 


(Thousands of metric tons] 


1 Estimate based on data for 11 months. 

Nots.—The original data, in net tons, has been converted to metric tons and rounded. 

Source: U.S. Department of Interior, Bureau of Mines, “Minerals Yearbook (Fuels),” vol. II, 1 
“Coal—Bituminous and Lignite,” print from Bureau of Mines Yearbook, 1955; “International Coal 
Trade,” January and December 15h 
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TaBLe 1V—4.—Bituminous coal exported from the United States to countries in 
Asia, 1950-57 


[Thousands of metric tons] 


Indonesia Keppblic Pakistan Other Total 
of Korea Asia 


$190 92 229999. 
BESASABE 
Sowvwe oreo 


1 Negligible. 
2 Estimate based on data for 11 months. 


Nore.—The original data, in net tons, has been coverted to metric tons and rounded, 
: U.S. Department of Interior, Bureau of Mines, ‘‘ Minerals Yearbook (Fuels),”’ vol 


Sources . TI, 1953; 
“‘Coal—Bituminous and Lignite,” preprint from Bureau of Mines Yearbook, 1955; “International Coal 
Trade,” January and December 1957. 


MARKET ON WEST COAST OF SOUTH AMERICA 


The only country on the west coast of South America which pres- 
ently takes substantial quantities of coal, principally coking coal, 
from the east coast of the United States is Chile. From 1951 through 
1957, the amount has averaged nearly 200,000 metric tons per year, 

Table IV—5 shows production of bituminous coal in South America 
by country from 1950 to 1956. Over the 7-year period, there has been 
a 20-percent increase in total South American production, from 5.6 
million metric tons to 6.8 million tons; in Chile and Peru, production 
has remained essentially constant at 2.4 million metric tons. These 
countries provide most of their own fuel coal needs; much of the coal 
imported from the United States by the various South American 
countries is for metallurgical purposes. Further discussion in this 
section will be devoted to west coast countries since it is only on the 
west coast of South America that domestic production and demand; 
and deficit if any, will affect coal shipments through the Panama Canal. 


Tas_e [V—5.—Production of bituminous coal in South America, 1950-66 
[Thousands of metric tons] 


Northern and east coast countries West coast countries 


Argentina} Brazil! |Colombia —_ Total Chile 
ue 


: 
aes 


PHLPHPPP Pp 
Bees 
x 


1 Includes lignite. 
2 Includes anthracite, 


Sources: U.S. Department of Interior, Bureau of Mines, “Minerals Yearbook (Fuels),” vol. II, 1953; 
“International Coal Trade,’’ September 1957. 
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In 1957, the World Bank granted a 15-year loan of nearly $22 million 
to Chile’s largest coal companies to modernize and expand their mining 
operations. Because of the importance of the coal industry as a source 
of employment in the coal-producing area of the country, any reduc- 
tion in total output could become a major social problem. Further- 
more, without this loan, it is understood that seams presently being 
exploited would have been exhausted within 5 years. This program 
wil allow Chile to produce most of its own coal requirements, although 
it still will be necessary to import a major part of metallurgical coal 
requirements. : 

Nearly all of the coal produced in Peru is anthracite, and hence as 
steel capacity builds up in the country, it will probably be necessary 
to import coking coal from the United States. 

To estimate future potential coal requirements for the steel industry 
on the west coast of South America, a projection of ingot production 
for the area, as shown in section I, was related to chal requirements 
using a ratio of 0.7 ton of coal per ton of ingot produced. The 
following tabulation shows the projection for 1955 to 2000, with an 
estimate of actual imports: 


Ingot produc- | Potential coal Estimated 
tion requirements! | coal imports 
(net tons) (metric tons) | (metric tons) 


300, 000 2 200, 000 
420, 000 3 300, 000 
840, * 400, 000 
1, 750, 000 #700, 000 


1 Assumes no technological changes which might reduce the need for indicated quantities of coal. Tech- 
nical progress in such fields as blending of larger quantities of noncoking grades, utilization of noncoking 
coals directly, and development of new processes, may tend to reduce the potential coking coal requirements. 

2 Figure represents number of tons imported and supplemented with South America’s own production; 
approximately 127,000 tons of this amount are imports from the United States. 

§ Roughly 200,000 to 250,000 tons of this amount will probably come from the United States. 

* From the United States. The large difference between potential coal requirements and estimated coal 
imports for 1975 and 2000 results from (1) supplementation of own production with imported coal, and 
 sroneee need for coal because of expected changes in the technical aspects of the ironmaking and steel- 
m g process. 


MARKET IN ASIA AND FAR EAST 


Of the coal exported from the United States to countries in the Far 
East, Japan has accounted for a major share (approximately 90 per- 
cent) during the 1951-57 period. Since 1951, Japanese coal imports 
from the United States increased three times, from 1.4 million metric 
tons to an estimated 4.4 million tons in 1957. Between 80 and 90 
percent of these coal imports have been for metallurgical purposes. 

Table IV-6 shows production of bituminous coal in the four principal 
producing countries in Asia from 1950 to 1956. There has been a 
noticeable increase in total production in Asia during the period, from 
121.7 to 214.7 million metric tons; nearly 75 percent of this increase 
was accounted for by Communist China. 


57677—60——14 
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TaBLe IV-6.—Production of bituminous coal in Asia, 1950-56 
(Thousands of metric tons] 


Japan ! Republic 
of Korea ? 


seugese 
SEzBS 
BRESERS 
SE5Sue 


88 


2 
EBABRER 
s25e8E3 


1 Includes anthracite and lignite, 
2 Only anthracite and lignite. 


Sources: U.S. Department of the Interior, Bureau of Mines, “Minerals Yearbook (Fuels),”’ vol. II, 195%; 
“International Coal Trade,”’ September 1957. 


Assuming that the recent production buildup in Asia and the Far 
East continues for the future, it would appear that countries in this 
part of the world will be generally self-sufficient for their fuel coal 
requirements. Regarding coking coal requirements, and the possible 
role which the United States might play in supplying these needs, 
only three countries are important to consider because of their large 
industrial complex—Communist China, India, and Japan. 

Communist China can probably take care of her own future needs 
for coking coal. India, on the other hand, may need to supplement 
her production with imports in the years to come. At present, India 
produces and consumes just under 8 million long tons per year of 
coking coal in her iron and steel industry. Only by efficient utiliza- 
tion of her limited reserves of hi hemi coal has she been able to 
meet domestic requirements. Unless additional reserves are dis- 
covered, it is believed that by 1975, India, and for that matter other 
Asian countries, as well as Australia, may need to import as much as 
5 to 10 million tons of coking coal, and by the year 2000, about 10 
to 15 million tons. This estimate is based on a projection (see sec. I) 
to the year 2000 of steel ingot production for south Asia and the Far 
East, excluding Japan, and using a ratio of 0.7 tons of coal per ton 
of ingot production. The following tabulation shows the projection 


for 1955 to 2000, as well as potential coal requirements and an estimate 
of expected imports: 


Ingot produc- | Potential coal | Estimated coal 
tion (net tons) | requirements ! |imports (metric 
(metric tons) tons) 


1 Assumes no technological change. 
2 It is estimated that 25 percent will be supplied from the United States. 
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Only Japan lacks sufficient domestic peeincten of suitable cokm 
coals to meet present requirements, ence, the discussion whic 
follows applies to Japan’s immediate and future import requirements 
and the most likely sources of supply for these requirements. Although 
alternate sources of supply are discussed in terms of Japan’s future 
needs, these same areas could also be thought of in terms of potentially 
supplying the coking coal deficit which is expected in the rest of the 
Far East and south Asia. 


Japan 

The Japanese coal-mining industry is drafting an aggressive invest- 
ment plan to increase its coal output to 72 million metric tons by 1975. 
Industry officials have established the enoweng policy to accomplish 
this goal: (1) Development of new mines will account for approxi- 
mately 18 million tons of the projected increase; (2) stabilization of 
markets by entering into long-term contracts with major consumers 
and increased output of the workers thorough increasing efficiency of 
the mines will account for the balance of the planned increase. 
Japanese coal-mining interests are presently engaged in the purchase 
of coal-mining machinery from world markets to implement the 
industry’s long-term production plans. 

The inistry of International Frade and Industry anticipates a rise 
in production from the 1956 level of 48.5 to 55 million metric tons in 
the current Japanese fiscal year ending March 31, 1958. Future 
production, as indicated above, is scheduled to rise to 64 million 
metric tons by 1962, to 69 million tons by 1967, and to 72 million 
tons by 1975. 

The current Japanese coal situation has shown a complete reversal 
from the inactivity prevalent among the producers during the past few 
years. The collieries were reluctant to increase their investments 
since they feared that the demand for coal would not follow the pace 
of industrial expansion. Now, however, with the demand for coal 
fairly stable, the industry appears to be very optimistic for the future. 
Table IV-7 shows the supply-demand balance for coal in Japan for 
the years 1955 and 1956. 


TaBLze IV-7.—Supply-demand balance for coal in Japan, 1955 and 1956 
(Thousands of metric tons] 


1956 


peBeex en 
BSSSSESE 


Nortes.—(1) Anthracite is included in certain of the consumer categories such as domestic and miscella- 
neous; (2) does not include coal deliveries by small distributors of less than 100 tons per month. 


Source: Monthly Economic 8 G 
Mines, International Coal Trade, March wt of Japan via U.S. Department of Interior, Bureau of 





202 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


While the previously mentioned plans for increasing domestic pro- 
duction of coal in Japan are impressive, they will not affect future coal 
imports significantly. As shown in table IV-8, 88 percent of the bi- 
tuminous coal imported in 1956 was classified as strong coking coal, 
and nearly all of it came from the United States. Sufficient quan- 
tities of this type of coal are not readily available in Japan, and con- 
sequently the steel industry will need to rely increasingly on imports 
in the future. 

The following tabulation is a 5-year projection by the Japanese steel 
industry of its coal requirements in thousands of metric tons through 
1962 and how they will be met: 


Source of supply: 
United States 
Communist China 
U.S.S.R 300 
Other ? 1,050 


1 Stated import requirements; total of domestic and pon pee. supply does not add to total coal requirements. 
2 Includes Formosa, with supply increasing from 70,000 tons in 1957 to 400,000 tons in 1962. 
Note.—Coal requirement based on use of 1.20 tons of coking coal per ton of finished pig iron. 


TaBLE IV-8.—Japan’s tmports cf anthracite and bituminous coal, by country 
origin, 1955 and 1956 


[Thousands of metric tons] 


1955 1956 
Country 


Anthracite | Bituminous | Anthracite | Bituminous 


Australia 
Loserannist China 


Si tule wamownsneso’ 
Union of South Africa... 
United States 


1 Includes Sakhalin Island. 
2 Approximately 88 percent of total 1956 bituminous imports were classified as strong coking coal. 


Note.—Based on data for 9 months in 1957, imports for the year are estimated to total 6,525,000 metric 
boven : ao of anthracite and 5,750,000 tons of bituminous, of which 4,375,000 tons are expected to come from 
the United States. 


Source: Ministry of Finance, the Foreign Trade of Japan, December 1955 and 1956, via U.S. Depart- 
ment of the Interior, Bureau of Mines, International Coal Trade, February and October 1957, 


This estimate by the Japanese industry (see p. 203) would indicate 
that it expects to obtain a larger and larger share of imported coking 
coal requirements from nearby sources. By 1962, on this basis, the 
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United States would be supplying only 55 percent of total imports, 
whereas in 1957 she supplied roughly 85 percent of the total. For 
reasons given in the discussion which follows this, on alternate sources 
of supply for Japan’s import requirements, this would not appear to 
be a realistic source-of-supply projection. Knowing the difficulty 
which Communist China presently has in meeting her own industrial 
coal requirements, it is extremely doubtful that by 1962 she can pro- 
vide nee 2.5 million tons of coking coal for Japan’s steel industry 
as well. 

To estimate future potential coal requirements for the steel indus- 
try in Japan, a projection of ingot production for the country, as 
shown in section I, was related to coal requirements using a ratio of 
0.7 ton of coal per ton of ingot produced. The following tabulation 
shows the projection for 1955 to 2000, with an estimate of expected 
imports: 


Ingot produc- | Potential coal | Estimated coal 
tion (net tons) | requirements ! | imports (metric 
(metric tons) tons) 


2 2, 400, 000 
3 5, 000, 000 
4 8, 000, 000 
5 15, 000, 000 


1 Assumes no technological change (see footnote 1 on g 199) 
e 


? Difference between requirements and imports made up with domestic production; about 90 percent 
of the imports were from the United States. 


* Roughly 4.0 to 4.5 million tons are expected to come from the United States. 


‘It is estimated that 75 to 90 percent of these requirements, or 6 to 7 million tons, will come from the 
United States; the balance from nearby sources. 


§ Approximately 60 to 75 percent is expected to come from the United States; the reason for the large 


difference between potential coal requirements and estimated coal imports for 1975 and 200 is the same as 
given in footnote 4 on page 199. 


Alternate sources of supply for Japan’s import requirements 
Communist China and U.S.S.R. 


Both Communist China and the U.S.S.R.’s Sakhalin Island are in a 
very advantageous geographic position to supply Japan’s import 
requirements of steam and coking coal. Japanese coal importers, 
faced with the prospect of continuing to pay high prices in dollars for 
US. coal, can be expected to make every effort over the years to obtain 
at least a part of the country’s coal requirements from nearby sources. 

There will, however, be problems in taking coal from these two 
countries. On the basis of several small shipments received during 
the last year, it is reported that service is not always reliable, quantities 
may be less than expected, and quality fails to meet the specifications 
established. These difficulties will no doubt be overcome with time; 
yet the Japanese importers certainly recognize the hazards of dealing 
with Communist countries, and thus will probably limit the amount 
they take to something on the order of 10 to 25 percent of total re- 
quirements. 

Very little is known of the long-term ability of the U.S.S.R.’s 
Sakhalin Island to supply coal to a large and expanding export trade; 
during 1955 and 1956, an average of about 80,000 tons per year of 
bituminous coal were shipped to Japan. On the other hand, while 
Communist China is experiencing some difficulty in meeting present 
export commitments ? because its own industrial requirements for coal 


4 Shipments to Jepen in 1957 are estimated to have been considerably under the 500,000 tons in 1956, 
although probably higher than the 1955 level of 118,000 tons. 
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are expanding so fast, it is believed that within a few years, China may 
have surplus coal available for the export market. Actually, China 
could be in this position now. Recently a 5-year barter agreement 
was negotiated with Japanese steel men which involved a $280 million 
exchange of Japanese steel products for Chinese iron ore and coal. 
While the Manchurian coking coal is cheaply transported, it is not 
particularly high grade. 

- Since 1953, 29 new coal mines with a capacity of 50 million metric 
tons per year have been developed. The construction of an additional 
24 mines and 2 coal beneficiation plants were started in 1957. Most 
of the new mines are located in the large coal producing areas of north 
and northeast Communist China. These new pits and the projects 
still under construction throughout the country have a capacity of 
nearly 80 million metric tons per year. 

Potential for Japan’s import requirements.—Coal is one of Com- 
munist China’s and the U.S.S.R.’s most logical exports to Japan as 
attested by the fact that in 1938, Japan’s coal imports from this area 
(including Manchuria) amounted to just under 3.6 million metric 
tons. Interestingly enough, this tonnage approximates the 1957 rate 
of Japanese coal imports from the United States. The fact that 
Communist China’s coal production has increased steadily during the 
past few years adds considerably to the possibilities of an expansion 
of her coal trade. The coal production target for 1957, set at 117 
million metric tons, is balievet to have been exceeded by some 3 mil- 
lion tons. Although there is little doubt that Communist China will 
supply some fuel and coking coal to Japan in the future it is not 
expected that the quantities will be particularly large, perhaps on 
the order of 10 to 15 percent of total requirements. 


Australia 
Australia is another possible source of supply for Japan’s imported 
coal requirements. though it is not known whether adequate 


reserves of coal, much less high-quality coking coal, are available to 
support an 0 ay program, the country’s location with respect to the 
Japanese market is a distinct advantage when compared with dis- 
tances from the east coast of the United States. Actually, in the long 
run, if coking coal reserves are not discovered, Australia could easily 
be a net importer for its steel industry. 

Much of Australia’s future industrial development will probably 
depend upon coal as a source of energy. Consequently, coal interests 
in New South Wales have recently been making a real effort to raise 
the coal output to meet an increased demand in the home market. 
Furthermore, there is evidence that the industry is going to be more 
aggressive in establishing an export trade. Potential markets include 
the whole of southern Asia, including the various island groups, the 
Philippines, and Japan. One step has already been taken to build u 
exports. It is understood that arrangements lave recently been made 
for the sale of 100,000 tons of coal to Argentina, shipments to com- 
mence toward the latter part of 1958. 

Efforts made in the past to develop coal export markets have not 
been entirely successful, for a number of reasons. One explanation 
is that the low per capita reserves of coal in Australia did not allow 
for an extraction rate to maintain an export trade and that greater 
efforts should be made to conserve her resources for the future. How- 
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ever, with decreased demand for coal by the railroads, conversion to 
oil by other consumers, and because of competition by the newl 
developed brown coal industry in the state of Victoria, the New Sout 
Wales coal industry is now forced to search for new markets. 

The construction of a new automatic coal loading plant at New- 
castle, near the coal-producing regions of New South Wales, will 
improve the position of Australia in becoming a major supplier of 
coal destined for Asia markets. Excessive loading costs, at present 
a problem in the delivered cost of coal, will be eliminated, enabling 
Australian coal to establish a better competitive position in the export 
market. The company, registered as the Newcastle Export Coal 
Co., Ltd., which plans to construct and operate the new coal loader, 
is made up of coal producers and shipping interests. The facilities 
are scheduled to be put into operation by 1960. 

Production of bituminous coal and lignite in Australia is shown in 
the following tabulation for 1950-56: 

Thousands Thousands 


of metric of metric 
tons tons 


? 


orien 77 percent of Australia’s coal (excluding lignite) 
is produced in New South Wales. Following 2 years of declining 


output, the New South Wales coal industry, in the fiscal year ending 
June 1957, achieved its i production record when 15.2 million 


metric tons were produced. The previous high of 14.9 million tons 
was attained in the fiscal year 1953-54. Output in 1954-55 was 
14.6 million tons, and in 1955-56 production declined to 14.5 million 
tons. The improved performance of the industry is attributed to 
a marked rise in the productivity of the workers, the elimination of 
the less efficient mines, and an increase in mine mechanization. 

Potential for Japan’s import requirements —To what extent Aus- 
tralia can participate in supplying Japan with fuel and coking coal 
in the future is not known. y apan has taken only token shipments of 
bituminous in the last few years. However, since Japan’s own pro- 
duction potential is somewhat limited, and recognizing that her 
energy requirements will keep expanding rapidly, it is reasonable to 
assume that she will need to rely to an increasing degree on imported 
coal. Because the cost of transportation is eae . oe e part of the 
delivered cost of coal to Japan, it would be expected that Japan will 
look to nearer sources of supply than the United States. Australia 
offers a good potential if coking reserves are found; otherwise, she 
may very well be forced to import coking coal from the United States 
for future requirements in the steel industry.] 

Union of South Africa 
Over the long term, it appears that the Union of South Africa might 
play an important role in supplying a portion of Japan’s imported 

coal requirements. In recent years, Japan has imported anthracite 
coal from the Union in quantities averaging from 25,000 to 35,000 
metric tons per year. 

posers to a recent report issued by the Ministry of Economic 
Affairs, coal reserves in the Union of South Africa are conservatively 
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estimated at 70 billion tons; other reliable sources have estimated the 
reserves to be as much as 200 billion tons. While these reserves 
appear to be adequate for the foreseeable future, the industry has 
been warned against extravagant exploitation of the coal resources, 
Since prospects for finding petroleum and natural gas in South 
Africa do not appear promising, coal must be called upon not only as 
the basic energy source for the country but also to provide byproducts 
for the chemical industry. 

The Union’s coal-mining industry has shown constant expansion 
since the end of World War II. In the 10 years (1946-56) followin 
World War II, coal production has increased steadily at a rate o 
slightly under 4 percent per year; marketable output increased from 
24 million metric tons in 1946 to over 33 million tons in 1956. This 
progress is especially noteworthy in light of various factors which are 
presently retarding expansion of the industry. These are (1) rail 
transport bottleneck, (2) inland price control, and (3) labor supply. 
The inadequate transport services provided by the South African 
railways is regarded as one of the principal deterrents to a greater 
coal output. In spite of the strenuous efforts to increase their carry- 
ing capacity, the railways have not been able to bridge the gap 
between the Union’s rapid industrial development and distribution 
requirements and the available supply of transport facilities. Inland 
coal prices are subject to strict Government control, and many leaders 
of the coal industry believe that this regulation, owing to margin 
between working costs and the sintaalied prices, does not provide 


sufficient incentive to open up new collieries. The short supply of 
native labor has also had considerable effect on the present production 


capacity. 
Marketable production of bituminous coal for the years 1950- 
56, with an estimate for 1957, is shown in the following tabulation: 


1 First 6 months—actual, 
2 Actual. 
3 Estimate. 


It is conservatively estimated that coal production in the Union of 
South Africa must increase from its present level to at least 50 mil- 
lion tons annually over the next 10 years in order to meet the ex- 
pected increase in internal consumption demands. If sufficient coal 
cars and other transport facilities were available, the Union’s collier- 
ies could not only supply the present and future local demand, but 
would also have a surplus available for export. In fact, it is believed 
by responsible people in the industry that it would be possible to ob- 
tain immediate contracts for the export of over 2 million tons per 

ear. The two principal markets which could be served profitably are 

outh America and Europe, although it would probably be possible 
to reach Australia and the Far East markets as well. Coal importers 
and industrialists from several European countries are interested 
in the possibility of assisting in the financing and development of a 
coal production and export facility in N sal. 
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The coal produced in the country is poor by American standards. 
Much of it does not coke; that coal used for coking purposes is high in 
ash content (15 to 18 percent). South Africa’s largest steel company, 
the South African Iron and Steel Industrial Corp., Ltd., uses a coke 
with an average of 17 percent ash. About 70 percent of the steel 
company’s coal supply is obtained from Orange Free State and the 
rest from Natal. There has been no coking coal available in the Union 
for export. 

Potential for Japan’s import requirements.—Because presently known 
coal reserves are not particularly satisfactory for coking, and be- 
cause of the distance involved, it is unlikely that the Union of South 
Africa will play an important role in supplying Japan’s long-term im- 

rted coking coal requirements. Rather, it is believed that the 
Enon will look to South America and Europe as her natural market 
outlets. 

MARKET ON WEST COAST OF THE UNITED STATES 


On the basis of discussions with responsible people in the steel 
industry, the possibility of importing coking coal from the east coast 
of the United States to the west coast is very real for the future. 

As the demand for steel increases in the 11 Western States and as 
the market participation of eastern companies which do not have 
production facilities in the West becomes large enough to justify 
construction of an integrated mill, then it is expected that some of 
these companies will make the move west. This in turn means that 
these companies will require adequate reserves of coking coal to 
support a new integrated operation. Although the three companies 
now located in the West have substantial coal reserves, located in the 
Rocky Mountain region of Utah-Colorado-New Mexico, and may be 
willing to sell coal to a new steel producer, the normal practice in the 
industry is to have one’s own raw material reserves. Thus, a new 
western operator would have two alternatives concerning coal: (1) 
acquire reserves in the West, recognizing the high transportation costs 
of moving it from the Rocky Mountain region to the west coast; (2) 
expand the company’s coal mining operations in the eastern United 
States, and move the coal to the west coast of the United States via 
the Panama Canal. The latter may easily be the cheapest source of 
coking coal. In any event, the industry recognizes this possibility 
and at least one major company indicated that it probably would 
supply coal to a potential new mill in this manner. 

As estimated in section I, steel ingot production in the 11 Western 
States is expected to increase fivefold from 1955 to 2000. The 
following tabulation shows this projection, as well as potential coal 
requirements ! to support this production, along with an estimate of 
expected coal imports. 


Ingot produc- | Potential coal | Estimated coal 
tion (net tons) | requirements ! imports 
(metric tons) (metric tons) 


1 Assumes no technological change (see footnote 1 on p. 202). 
2 Represents about 10 percent of total ingot capacity. 
3 Represents about 25 percent of total ingot capacity. 
enietjuieliiiimnsiatiinbdins 


1 Ratio of 0.7 ton of coal per ton of ingot produced. 
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SUMMARY 


Total westbound movements of coal and coke through the Panama 
Canal, by major area of destination for 1957, and projected movements 
for 1975 and 2000, in thousands of long tons, are estimated as follows: 


Destination 


s 


3, 100 
414 
33, 514 


P| pes 


Bl ppn 
2) $3| Ss 


5/3) SS 


3, 728 


= 
to 
= 


1 Other countries in Far East, including Australia. 
2 Represents approximately 20 percent of total coal shipments to Asia, including Japan. 
§ Breakdown for 1957 estimate based on recent years. 


Source: Stanford Research Institute, 





SECTION V 
PETROLEUM AND PETROLEUM PRODUCTS 
(By Carl A. Trexel, Jr.) 


The single largest commodity movement through the Panama Canal 
in terms of total tonnage has been petroleum and its products. Durin 
the 1950-57 period, petroleum and petroleum products represente 
an average of 23 percent of total tonnage from the Atlantic to the 
Pacific, and an average of nearly 7 percent of the Pacific to Atlantic 
movements. While these movements have been sizable in terms of 
total Panama Canal traffic, they are actually quite small when com- 

ared with total intercontinental movements of crude oil and petro- 
eum products. Although it is expected that future shipments of 
petroleum and its products through the Panama Canal will increase 
‘somewhat, the canal’s share of world traffic of this commodity group 
will still remain relatively unimportant. 

Review of the historical data on canal movements of petroleum and 
its products shows that Atlantic to Pacific shipments have been 
growing steadily—from 683,000 long tons in 1930, to 1,419,000 tons 
in 1950, to 5,242,000 tons in 1957. On the other hand, Pacific to 
Atlantic shipments, except for 2 years (1950 and 1955), when there 
was an unusual movement of residual fuel oil from the west coast to 
the east coast of the United States, have shown a significant decline 
during the 1930-57 period, decreasing from 5,701,000 long tons to 
752,000 tons. Since it is not expected that Pacific to Atlantic ship- 
ments of petroleum and its products will be much of a factor in future 
Panama Canal traffic—certainly not exceeding the 1 million long ton 
level'—this commodity flow is discussed only briefly in this section 
and major attention is given to Atlantic to Pacific movements. 

Westbound and eastbound petroleum and petroleum product 
movements through the Panama Canal by trade route are summarized 
in tables V—1 and V-2, respectively, for the 1930-57 period. 


1Itis ble that there may be a sharp increase in residual fuel oil shipments from time to time when 
‘production, inventory, and demand for this product are out of balance on the west coast. In fact, di 
1958 or 1959, there may be such a movement, but it should certainly not be considered typical for the future. 
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TaBLe V—1.— Westbound shipments of petroleum and petroleum products through the 
Panama Canal, selected fiscal years 


(Thousands of long tons] 
Trade route 


From east coast United States to: 
West coast United States 
West coast South America 
Australasia 


From east coast South America to: 
West coast United States 
West coast South America 
All other ? 


Yrom West Indies to: 
West coast United States 
West coast Central America and 


West coast South America 
Canal Zone (Balboa) 
Australasia 

All other * 


1 West coast of Central America and Mexico and of Canada, Hawaii, and Canal Zone (Balboa). 
, = —s of ae America and Mexico and of Australasia, Asia, and Canal Zone (Balboa). 
sia and Hawaii. 


4 East coast of Central America and Mexico to Pacific destinations, Europe to Pacific destinations, and 
Asia to Pacific destinations. 


Note.—Excludes lubricatin: Fey and greases on all trade routes except the U.S. intercoastal route, 


= most lubricants on other routes move as packaged cargo. They are treated separately in vol. I, 
sec. 


Source: Panama Canal annual reports. 


TaBLE V~2.—Eastbound shipments of een and petroleum products through 


the Panama Canal, selected fiscal years 


[Thousands of long tons] 
Trade route 


From west coast United States to: 
East coast United States 
West Indies 
Europe 


From west coast South America to: 
East coast United States 
East coast Canada 
Europe 


1 East coast of Canada, east coast of South America, Canal Zone eiiabe, Africa. 
2 West Indies, east coast of South America, Canal Zone (Cristobal 
3 West coast of Canada to east coast of Canada, Asia to West Indies, Canal Zone (Balboa) to West Indies. 


Source: Panama Canal annual reports. 
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FACTORS AFFECTING FUTURE CANAL TRAFFIC 


The continued growth of crude oil production in Venezuela and the 
expansion of refinery capacity in the Caribbean area, including Vene- 
zuela, will have an important bearing on future petroleum and petro- 
leum product shipments through the Panama Canal. In recent years, 
over two-thirds of the westward movements of these commodities have 
originated from this area, and the same pattern is expected to exist 
for the future. 

The size of future petroleum movements through the canal will be 
determined primarily by three markets, which together have accounted 
for roughly 80 percent of the total petroleum movements during the 
1950-57 period. These markets, in order of importance, are the west 
coast of the United States, the west coast of South America, and the 
west coast of Central America and Mexico. In general, the market 
on the west coast of the United States is for crude oil (75 percent in 
1957), whereas on the west coast of South America, the market is for 
both crude oil (81 percent in 1957) and fuel oil (16 pelea in 1957). 
Since there is no refinery capacity located along the west coast of 
Central America and Mexico, the market in this region is principally 
for petroleum products, although in 1957 crude oil’ did represent 
nearly 20 percent of the petroleum movements through the canal des- 
tined for this market; fuel oil accounted for roughly 40 percent of the 
total movements. For the future, it is believed that the product mix 
indicated above for the west coast of the United States and South 
America markets will be typical. In the case of the west coast of 
Central America and Mexico, as demand builds up to the point where 
refinery capacity can be justified in the various countries, the market 
will most likely require crude, and probably fuel oil, rather than the 
normal range of petroleum products now supplied. 

The extent to which each of these market regions takes crude oil or 
petroleum products, originating on the Atlantic side of the Panama 
Canal, will depend on a number of factors which are peculiar to each 
region. 

Refineries on the west coast of the United States already must rely 
on imported crude oil. Since the deficit is expected to become larger 
in the future, it means that a ready and expanding demand for crude 
will exist. Venezuela has supplied a portion of these imports, but this 
country is only one of a number of sources upon which the west coast 
of the United States can draw; others are Canada, the Far East, the 
Middle East, and, most recently, the Four Corners area of the United 
States (via pipeline). Many of the importing companies have in- 
terests in one or two, or all, of the potential supplying countries, and 
hence it is impossible to determine exactly how ior will meet their 
future crude oil needs. Furthermore, these companies are now faced 
with voluntary import controls. While it is not expected that the 
controls will become mandatory, they may tend to restrict future 
imports. 

The rapid increase in demand for petroleum products, both on the 
west coast of South America and of Central America, will continue to 
provide a good market atmosphere. The extent to which these regions 
find it necessary to import crude oil or petroleum products will de- 
pend on how fast domestic crude oil production builds up in the vari- 


1 Probably heavy crude oil used as fuel. 
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ous countries and whether local refinery capacity is adequate to pro- 
vide either sufficient quantity or the proper product mix. Another 
important factor is the ability of these countries to pay for their 
petroleum imports in dollars. 


SOURCES OF PETROLEUM AND PETROLEUM PRODUCTS FOR WESTBOUND 
MOVEMENTS 


Since 1930, the Caribbean area has provided an increasing percent- 
age of the total westbound crude oil aid etroleum product movements 
through the Panama Canal. Nearly all of the rest of the westbound 
movements originate on the east coast of the United States. The 
tabulation on page 96 shows how these movements (in thousands of 
long tons) have increased during the 1930-57 period. 


East coast, South America (Venezuela) 


Venezuela supplies large quantities of oil to international markets. 
It is the world’s largest oil exporting nation, Over 95 percent of 
Venezuela’s production is exported. 

This situation is likely to continue for many years to come. Grant- 
ing of new concessions, coupled with the entry of additional companies, 
rising production, and a high ratio of successful discoveries, indicate 
increased oil activity for Venezuela in the future. If future discovery 
rates are anywhere near past high ratios, all phases of Venezuela’s 
oil industry will undergo considerable growth in the decades to come, 


From Caribbean 
Total! From east 
westbound | coast United 
States East 
So West Indies 


, ’ 2, 670 
675 4,029 


RSELL5 


1 Individual totals do not add to total westbound movements; petroleum products originating from 
sources other than those shown were excluded. 


In attempting to evaluate Venezuela’s future, other factors, equally 
as significant, must also be examined. The economy is one of the 
strongest in the world. It has one of the few “hard’’ currencies left 
in the world. All national debts have been paid off, and a surplus 
exists. Venezuela’s economy is growing at one of the fastest rates 
in history. The Government is using its income, 70 percent of which 
comes from oil, to strengthen the country’s economy and to push a 
vast rr for public improvement. these conditions indicate 
that Venezuela is on the threshold of a new era which will see it make 
swift progress. Additional rapid expansion of the country’s oil indus- 
try will play a significant part in Venezuela’s future development. 

During 1956, a total of nearly 870 million barrels of crude oil and 
refined products were exported. In contrast, Kuwait, the world’s 
second largest oil exporting nation, shipped less than half this amount. 
A number of factors play a part in Venezuela’s exporting more oil 
than any other nation. 
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1. An adequate supply is the first consideration. 

2. Another important factor is its proximity to the United 
States, the world’s largest consuming nation. 

3. A third important factor is the worldwide shortage of heavy 
fuel oil. This situation works to Venezuela’s advantage because 
a large portion of its Fearne is low-gravity oil ideally suited 
for the manufacture of fuel oils. 

4. One last factor is that, in addition to its proximity to the 
United States, Venezuela is the closest oil surplus region to some 
of the fastest growing petoleum markets in the world. The use 
of oil is expanding rapidly in Central America, the West Indies, 
and South America. 

In 1956, crude oil constituted almost half of Venezuela’s annual 
exports, and much of this crude was purchased because of its fuel oil 
value. Fuel oils (exclusive of gas oil and diesel oil) make up one- 
third of Venezuela’s total exports. All other refined products com- 
prise only 20 percent of total exports. 

The following tabulation shows the growth of Venezuela’s crude 
and product exports (in thousands of barrels per year) by destination 
for the 1951-56 period: 


600 
271, 900 


Central America. 
Antilles (West Indies) 
merica 


_ 


8, 
33, 
70, 
35, 

6, 
20, 


_— 
Spo 


2 
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West Indies 


The West Indies has been primarily a source of refined products 
(including residual fuel oil) for the area itself, for the east coast of the 
United States, for the west coasts of South America, Central America 
and Mexico, as well as for Australasia and Asia. With additiona 
refinery capacity planned, and with an adequate source of crude oil 
available in Venezuela, there is every indication that this area will 
continue to be a major source of refined products for world markets in 
the future. 


East coast United States 


Although westbound canal movements of petroleum and petroleum 
products,’ originating on the east coast of the United States, have held 
relatively constant (an average of perhaps 500,000 long tons per year) 
during the 1930-57 period, percentagewise, these movements have de- 
clined substantially. In 1930, movements came to 424,000 long tons, 
and represented 80 percent of the total; by 1957, they came to 675,000 


ee 
* Lubricating oils and greases are included here in U.S. intercoastal movements. 
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long tons, and represented only 14 percent of the total. During recent 
years, 60 to 85 percent of the petroleum product movements originat- 
ing on the east coast of the United States were destined for the west 
coast of the United States. Of these, anywhere from 20 to 50 percent 
consisted of lubricating oil stocks and greases to be further refined on 
the west coast ; most of the remainder consisted of gasoline. In time, 
it is expected that the necessary facilities will be built on the west coast 
to manufacture and refine all lubricants, and continued shipments of 
east coast semifinished materials to the west coast will no longer be 
required. Moderate shipments of gasoline, including aviation and 
jet fuel, and specialty products can be anticipated a the future. 

his latter statement would also apply to other Pacific markets * 
served from the east coast of the United States. 


DESTINATION OF WESTBOUND MOVEMENTS OF PETROLEUM AND 
PETROLEUM PRODUCTS 


Over 70 percent of total westbound movements of petroleum and 
petroleum products through the canal have been accounted for by two 
areas, the west coast of the United States and the west coast of South 
America. ‘Two other areas account for another 20 percent of the west- 
bound movements; they are the west coast of Central America and 
Mexico and Australasia and Asia. The following tabulation shows 
these movements (in thousands of long tons) for the 1930-57 period. 


West coast 
West coast | West coast | Central ustral- Total 
United South — _ All other | westbound 


West coast, United States 


Demand for petroleum products on the west coast of the United 
Sates © is expected to increase at the rate of at least 3 percent per 
year during the next 10 to 20 years. This, together with the fact that 
the area will need to rely to an ever-increasing degree on imported 
crude oil® to satisfy petroleum product requirements, means that 
such crude surplus areas as Venezuela, Canada, the Far East, and 
the Middle East can be expected to play an important role in supplying 
this potential deficit. 

The following tabulation shows estimated refinery runs for the 
area, anticipated crude oil production, and the crude deficit which 
must be made up by imports for 1965 and 1975. Actual figures are 
shown for 1955. In addition, an estimate is made of the quantity 
of imported oil which the various countries might supply. All figures 
are in millions of barrels per year. 

4 Principally the west coast of South America, Australasia, and Asia. 


5 District V, which consists of the States of Arizona, California, Nevada, Oregon, and Was 


hington. 
6 Insufficient crude is produced in the area to meet the refinery needs, and all indications are that this 
situation will not improve, but, rather, get worse. 
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Refinery crude runs 
Crude oil production 


14 corners area of the United States. 
Source: Stanford Research Institute. 


It can be seen from the tabulation that future imports from Vene- 
zuela are estimated to be only a small part of the total imports re- 
quired for the area, although it represents a fairly substantial move- 
ment through the canal. During the years since 1951, when the 
area first became a net crude oil importer, Venezuela has supplied 
roughly 10 percent of the total imports, although in 1956 its share 
was almost 20 percent. 

During the postwar period, petroleum and its products which were 
destined for the west coast of the United States represented between 
30 and 40 percent of the total westbound movements through the 
canal. The following tabulation shows total movements (in thou- 
en long tons) to the west coast, by source, for the 1930-57 
period. 


Of the total movements through the canal destined for the west 
coast of the United States in 1957, approximately 75 percent was crude 
oil from Venezuela or the West Indies. The balance was from the 
east coast of the United States, and consisted mainly of two products 
lubricating oil stocks and gasoline. For the future, it is antici ated 
that at least 90 percent of the petroleum movements through the 
canal bound for the west coast of the United States will be crude oil; 
the balance will consist of specialty products, and some gasoline. 


West coast, South America 


Oil meets over one-half of the area’s total energy requirements. 
Although Chile, of the four west coast countries,’ is presently the only 
net importer of petroleum and its products, the other countries, 
chiefly crude exporters, also import products. The type of refining 
capacity and the speed with which it is installed along the west coast 

7 Colombia, Ecuador, Peru, and Chile, 
576776015 
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will determine the quantity of petroleum products which these coun- 
tries will import in the future. 

Progress in these countries has been considerable, as is indicated 
by the fact that consumption of petroleum increased by about 70 
percent during the 1950-55 period; the growth in 1956 and 1957 ws 
equally as impressive. The following tabulation shows demand for 
major petroleum products, in thousands of barrels per year, for the 
four countries from 1950 to 1955. 

Demand Demand 
25, 606 | 1953 

29, 663 

31, 371 | 1955 


Petroleum’s share in total energy consumption within these countries 
is growing. It is displacing the use of wood, which still represents 
over 25 percent of total energy needs, and competes easily with coal * 
and hydroelectric power.’ ith increasing industrialization, and the 
need for energy, further growth in petroleum requirements is inevitable. . 

During the postwar period, petroleum and its products which were 
destined for the west coast of South America represented between 35 
and 45 percent of total westbound increments through the canal. 
The following tabulation shows total movements (in thousands of 
long tons) to the west coast of South America, by source, for the 
1930-57 period. 


In 1957, of the total petroleum shipments to the area, crude oil ” 
accounted for 459,000 long tons (30 percent), fuel oil accounted for 
792,000 long tons (51 percent), and other products—over 60 percent of 
which was gasoline—accounted for 305,000 long tons (19 percent). 
For the future, it is doubtful that any imported crude oil will be re- 
quired in the area. As the area’s own crude oil potential develops, 
and as additional refinery capacity is constructed and put into opera- 
tion, there will be less need for imported petroleum products, although 
fuel oil and specialty products will probably still be required. 


West coast, Central America and Mexico 


The economic growth of the several countries in Central America 
has been significant in recent years. It should be outstanding in the 
next savenel decades: Increased population, expanded investment by 
foreign sources, and greater industrialization will mean a greater need 
for petroleum products. Since there are no refineries in these coun- 
tries, they have in the past relied on imports for their needs. How- 
"T The area’s coal resources are limited, and the importation of coal is relatively unattractive. 


® High capital costs are likely to prevent rapid development. 
10 Nearly all was shipped to Chile. 
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ever, when demand builds up in each country to the point where it is 
economic to install refining capacity, these facilities may be added. 
The result would be a shift from importing products to importing 
erude oil, although the latter will depend upon the extent to which 
crude is discovered and developed in the area. 

Interest in the petroleum potentialities of Central America, a region 
which only 2 years ago was relatively neglected, continues to increase. 
Active exploration is now going on in every republic except Salvador, 
which has no sedimentary basin, and in British Honduras. 

A number of factors have combined to give rise to this increased 
interest. First among these is the favorable climate now being cre- 
ated in these countries for foreign investment. Apart from the more 
liberal attitude toward investment of foreign capital, Central America 
as a region, with its Caribbean and Pacific coastlines and close proxim- 
ity to the United States, has greatly benefited from the present drive 
to find additional sources of oil in the Western Hemisphere. Further, 
U.S. companies exploring there as elsewhere in the hemisphere obtain 
substantial tax concessions at home. With this kind of activity, it is 
believed that the chances of finding oil are excellent; whether it will 
be adequate to support the area’s future needs is not known. 

While Mexico has exported an increasing volume of petroleum 
products during recent years, at the same time she has also imported 
substantial quantities of these products. Most of the imports have 
been required on the west coast of the country. The following 
tabulation shows how these imports (in millions of barrels per year) 
increased during the 1952-56 period. 


Mexico is at present developing her own internal transportation 
facilities for a wider distribution of petroleum products to her popula- 
tion, particularly to those in the western states. Since refining 
capacity is probably capable of supplying products to the entire coun- 
try, completion of the necess transportation and distribution 
facilities will mean that Mexico will no longer need to import petroleum 
products to the west coast. Some specialty products may still be 
required, however, with the result that imports probably will not 
disappear altogether. 

During the postwar period, petroleum and its products which were 
destined for the west coast of Central America and Mexico repre- 
sented about 10 percent. of total westbound movements through the 
canal. The following tabulation shows total movements (in thousands 
of long tons) to the area, by source, for the 1947-57 period; no data 
are available for the period prior to World War II. 





218 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Nearly 80 percent of the total shipments to the area in 1957 origi- 
nated in the West Indies. Roughly 50 percent of the total ship- 
ments were fuel oil, 37 percent gasoline, and the remainder, other 
petroleum products. It is believed that future petroleum require- 
ments for this area, and this probably means imports—whether they 
be petroleum products or crude oil—should increase substantially. 
Because of the size of the market for products in the various countries, 
it probably will not be economic to install refining facilities for a 
number of years. 


Australasia and Asia 


No attempt was made to examine the petroleum product import 
needs of the countries in Australasia and Asia. Hence, westbound 
movements of petroleum and its products through the canal destined 
for this area of the world were assumed to hold approximately the 
same for the future. Historical data, shown in the following tabu- 
lation, indicate that these movements (in thousands of Jong tons) 
represented from 5 to 20 percent of total westbound movements for 
the 1930-57 period. The tabulation also indicates the source of 
these movements. 


EASTBOUND PETROLEUM AND PETROLEUM PRODUCT MOVEMENTS 


Oil movements through the: Panama Canal from Pacific to Atlantic 
have normally been small. In 1957, petroleum shipments originating 
on the west coast of the United States and on the west coast of South 
America represented 90 percent of total movements. Except for a 
few years (1950 and 1955, most recently), this has been the general 
pattern. In 1950 and 1955, residual fuel oil moved to the east coast 
of the United States in substantial quantities as a result of an over- 
supply situation on the west coast of the United States and relatively 
tight industrial fuel situation on the east coast. Although a similar 
residual fuel oil movement may occur in 1958 or 1959, because west 
coast inventories are large and demand has been off as a result of the 
general business recession, this should not be considered typical for the 
future. West coast refiners are in a much more flexible position than 
they have been in the past to control residual fuel oil output because 
of additional cracking and coking capacity. 

Future west to east petroleum movements through the canal are 
likely to continue at a modest level. Generally, it will be a case of 
various companies, particularly the large, fully integrated companies 
in the Western Hemisphere, making shipments in an attempt to 
balance overall operations and product output. The bulk of the ship- 
ments will probably consist of specialty products. There could be 
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some increase in trade between countries on the west coast of South 
America and on the east coast of South America, as well as European 
countries. Balance of trade and special product exchanges, coupled 
with favorable currency situations, could be the motivating factors. 


SUMMARY 


Total petroleum and petroleum product westbound movements 
through the Panama Canal for 1957, by major area of destination, 
and projected movements for 1975 and 2000, in thousands of long tons, 
are estimated as follows: 


Destination 1957 1975 2000 
ns WE UI acta et te ek See 1, 820 2, 500 3, 500 
West coast Gouth Amoeriot. o< on.0 3 iiss ss 5502 5555505--~ 550. 1, 557 1, 500 1,000 
West coast Central America and Mexico............-...---.-- 522 1, 300 1, 500 
pF aE et eae 447 450 400 
SINE 2a vn sdhepcrpekcknsis kee indeed ied beaten ieciieaicn oalladapbin ai IIT ics n ich islesiestemcecmagstdlisddeceabiadiamacaahata 
i EES SEAT Sen A Se eS! 4, 734 5, 750 6, 400 


1 No attempt was made to estimate future movements for this category; any projection could be con- 
sidered within the margin of error of the estimate. 


Note.—Excludes lubricating oils and greases on all] trade routes except the U.S. intercoastal route. 
Source: Stanford Research Institute 
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SECTION VI 


CANNED AND REFRIGERATED FOODS 
(By Neil T. Houston and Michael Nelson) 
CANNED FOODS 


Canned goods move through the Panama Canal in both directions. 
However, the eastbound movement is by far the larger. This traffic is 
discussed below by direction of movement, with primary emphasis on 
the eastbound tonnage. 


Pacific to Atlantic 


In fiscal 1957, more than 1,300,000 long tons of canned goods were 
shipped through the canal in this direction. This traffic grew rather 
steadily during the 1930’s, recovered to the prewar volume in 1950 
and has grown gradually since that time. Tonnage on the principal 
routes for selected years is shown in table VI-1, which illustrates the 
main developments that have occurred. 

The heaviest tonnage is from the west coast of the United States to 
the east coast of the United States; the tonnage has been quite stable 
since 1950, at a level somewhat below the prewar volume. This is in 
spite of a very substantial increase in total shipments between these 
areas, and results from a larger share being handled by overland 
carriers in the postwar period. 

The second fone tonnage is from Hawaii to the east coast of the 
United States, a movement which rapidly exceeded prewar levels after 
World War II and which has grown gradually since 1950. This is 
followed by the routes from the west coast of the United States to 
Europe and to the West Indies and by the routes from Asia to the 
east coast of the United States and from Australasia to Europe. 
Other movements are small in relation to the ones mentioned, and in 
1957 accounted for less than 12 percent of the total Pacific to Atlantic 
tonnage. 


TasLe VI-1.—Eastbound shipments of canned foods through Panama Canal, 
selected fiscal years 


[Thousands of long tons] 


Trade route 1957 1953 1950 1947 1939 1936 1930 


————_$-s|§ —————————_ | ———_————_ |_| | ———— |—q— 


Bo 2 TE SERS Ore Oe 479 616 552 735 556 
Hawaii-east coast United States.............- 294 334 285 126 130 71 7 
West coast United States-Europe__..._._..-- 117 35 50 201 226 216 183 
West coast United States- West Indies__...._- 72 17 13 

Asia-East coast United States..............-- 94 95 OP fh stat hin ina Suites teuksinlideeeda 
Australasia-Europe....................._.---- 80 85 39 30 5 6 1 
All other eastbound._..................._..-- 153 80 82 91 124 79 52 

wees ahd ah a Zk 1,311 | 1,317] 1,148 713 | 1,233 | 1,051 





Source: Panama Canal annual reports. 
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Supply areas 


The importance of the west coast of the United States as a source 
of canned goods shipments is immediately obvious from the tonnages 
shown in table VI-1. In 1957, about 55 percent of total eastbound 
shipments originated on the west coast. By far the largest part of this 
is fruit which cannot be grown competitively in other parts of the 
United States. There is B oo significant tonnage in vegetables. Cali- 

.fornia has recently begun to furnish a growing share of the total US. 
pack of tomatoes and tomato products because of the very favorable 
growing conditions in the State. Production of both the fruits and 
vegetables now being canned can be expanded greatly in the West 
if future demand warrants it, and there should os no limitations on 
future tonnage from the supply side. 

The tonnage originating in Hawaii is practically all pineapple. 
The industry is presently able to produce more than the market can 
absorb and has recently had some substantial carryover of stocks from 
one year to another. Further expansion of output is possible, and no 
limitations are expected on the supply side in the future. . 

A major portion of canned goods tonnage from Asia consists of 
pap fe from the Philippines. This is a new industry since World 

ar II. Output has been fairly stable for several years, but there are 
adequate resources for expansion in the future to meet growth in the 

market. 

Tonnage originating in Australasia is made up largely of milk from 
New Zealand and meat and fruit from Australia. Vegetables are also 
shipped from New Zealand. The resources of these countries are 
adequate for substantial expansion in these exports. New Zealand, 


especially, will be seeking to increase agricultural tee to support 


a growing population with little opportunity for in 
ment. 

Canned fish is shipped in volume from the west coast of the United 
States and Canada, Japan, and the west coast of South America. 
Some change in the relative importance of the areas as suppliers may 
occur in the future. The long-term decline in salmon will probably 
continue, while the production of tuna will increase. Since fish ac- 
counted for only about 9 percent of the total eastbound tonnage in 
1957, a detailed investigation of the fisheries in these supply areas is 
not warranted in this study. It is believed reasonable to assume for 
present purposes that the Pacific area as a whole can produce increas- 
ing quantities of canned fish as necessary to meet market growth. 


Market demand and competition 


Since it appears that the supplies of canned food products moving 
eastbound can be increased in the future over quite a wide range, the 
real determinants of future volume will be size of the market and the 
effects of possible competition in meeting the needs of that market, 
The situation is somewhat different in each of the major market areas. 
The principal destinations of the eastbound canned goods, by major 
category, are shown below for fiscal 1957. The “miscellaneous” 
category in the original Panama Canal data has been prorated among 
the other categories. 


ustrial employ- 
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[Thousands of long tons] 


Source: Panama Canal Company records. 


Two-thirds of the eastbound tonnage in 1957 went to the east coast 
of the United States, including gulf ports. It is unlikely that future 
competition from new supply areas, either domestic or foreign, will 
significantly affect this traffic. The west coast of the United States 
has decided advantages over other domestic areas in the production 
of the items shipped from that source, and foreign producers in the 
Atlantic area probably find it more difficult to compete in the 
high-quality U.S. market than in other markets open to them. At- 
lantic fisheries do not produce in volume the salmon and tuna that 
make up most of the fish shipments. 

The most important competitive relationship in the traffic to the 
east coast is that between the overland carriers and the intercoastal 
water carriers. The failure of intercoastal water shipments to achieve 

rewar levels and to grow during the 1950’s has already been noted. 

oth the canning industry and the water carriers are working to im- 
prove the conditions and results of ocean shipment, and a substantial 
tonnage will continue to move by water. However, basic difficulties 
in the intercoastal trade mentioned in volume I of this report still 
remain to limit the outlook for large growth on this route. 

For an estimate of the future size of the market for canned goods on 


the east coast of the United States, it is possible to draw on previous 
studies by Stanford Research Institute on the growth of the U.S. 
market for these and other food products. These studies involved 
detailed analysis of the individual items that make up nearly all of the 
traffic being considered here. Past consumption of these items over a 
long period was related to changes in population, real spendable per- 
sonal income, price of the item, and prices of competing trem 


Using estimated future growth in population and real spendable per- 
sonal income, projections of the market in 1975 were prepared. 

These projections were used as the basis for projections of the 
market for Panama Canal shipments. Different rates of increase 
expected for different canned goods items were allowed for in deriving 
the total. If all Panama Canal shipments were to increase in propor- 
tion to the estimated growth of the market, total shipments to the 
east coast of the United States would rise from 876,209 long tons in 
1957 to about 1,330,000 tons in 1975. This growth would include 
approximately 220,000 additional tons from the west coast of the 

nited States. In view of past performance in the intercoastal trade, 
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growth of this magnitude ‘seems unlikely: The total tonnage pro- 
ected as destined for the east coast of the United States has therefore 
een set at 1,220,000 long tons for 1975, which would accommodate 
intercoastal shipments somewhat higher than the average of recent 
ears, 
* Europe is the second largest market for canned foods moving throu 
the canal. Unfortunately, very few data are available on this market, 
and no analysis is possible here.. The most useful material for present 
‘Parpoers appears to be a recent projection of food imports in Western 
urope to 1975.! In this projection, imports of fruits and vegetables 
are shown as increasing spon 70 percent from 1955 to 1975. The 
projection applies to bananas and citrus fruits and to early, season 
vegetables and other fruits that do not compete with Western Euro- 
pean production. In making this projection, the income elasticity of 
demand for fruits and vegetables in Western Europe was estimated to 
be 0.8, indicating that a substantial increase in consumption of these 
products can be expected to accompany rising incomes. These data 
probably show that the demand for immpdrébd. canned goods, a large ~ 
part of which are luxury or semiluxury fruits, will also increase strongly 
in the future. 
Total shipments of canned goods through the canal to Europe have 
wn substantially since 1950 and are at approximately the prewar 
evel. The west coast of the United States and Canada have declined 
in importance as suppliers, representing a shift to nondollar sources. 
Shipments from Hawaii have increased recently, but the total tonnage 
from the dollar area is considerably Jess than prewar. Production of 
eanned goods is increasing in Europe and in South Africa, which will 
provide additional mceialior supplies in the future. In view of these 


factors, it appears doubtful that Panama Canal shipments to Europe 

will increase in full proportion to the growth of the market there. 
The income elasticity figure mentioned above, taken in combination 

with the expected growth in A ys: a and gross product in Western 


Europe, would suggest a total growth in the market in the order of 50 
to 60 percent by 1975. A growing share of the market will probably 
be supplied by European and other sources not shipping through the 
canal. This, in turn, suggests that canal shipments will grow at a 
slower rate—say 30 or 40 percent. This is considerably less than a 
continuation of the growth in canal shipments since 1950 would imply. 
However, much of this recent growth should be attributed to European 
economic recovery from the immediate postwar conditions, and slower 
growth in the future should no doubt be expected. For present pur- 
poses it is believed reasonable to project shipments to Europe as 
growing from 286,000 long tons in 1957 to 400,000 tons in 1975. 

The third largest destination area for canned goods from the 
Pacific is the West Indies, which buys almost entirely from the west 
coast of the United States. This movement has wn gradually 
during the 1950’s. Canned foods, particularly Fruits and fruit 
nectars, are high in consumer favor in this area. There are no data 
on which to base detailed estimates, but consumption will a 
rise at a faster rate than incomes as the level of living is improved. 
This could mean that consumption would more than double by 1975. 


1 The contracting parties to the General Agreement on Tariffs and Trade, “International Trade 1956,” 
Geneva, June 1957, pp. 31-35. 
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The tendency for a growing market in the West Indies to increase 
Panama Canal shipments will be offset to some extent by the prac- 
tice—recently begun—of shipping fruit nectars and tomato orbdcte 
in concentrated form for reconstituting and repacking at destination. 
This is now being done to a considerable extent in Cuba and appears 
to yield worthwhile economies. A continuation of growth that has 
occurred during the 1950’s would add about 50,000 tons to shipments 
to the West Indies by 1975. If it is assumed that economic develop- 
ment in the islands will proceed somewhat faster in the future and 
achieve the average rate assumed for undeveloped areas in volume I 
of this report, the foregoing increase would seem to underestimate 
the potential for this destination. For purposes of this projection, a 
position between those suggested by past growth and future develop- 
ment possibilities is a reasonable choice. ‘Tonnage of canned goods 
to the West Indies is therefore projected to rise from 103,800 long 
tons in 1957 to 180,000 long tons in 1975. 

The remaining canned goods tonnage from Pacific to Atlantic 
moves to various other destinations, including Africa and the east 
coasts of Canada and South America. Again, specific information 
for making estimates of future volume is not available. However, in 
the lesser developed areas a strong tendency for consumption of 
canned goods to rise as incomes rise will almost certainly exist. 
However, tonnage on these routes collectively has been very stable 
through the 1950’s. Shipments from the west coast of the United 
States to the east coast of South America have been declining, 
probably as a result of protectionist measures that have been taken 
in Colombia and Venezuela to encourage their domestic canning 
industries. Increased canning activity in Europe and Africa has 
already been mentioned. Tariffs and the development of alternate 
sources may hold back future growth of tonnage to some of these 
destinations. There has been recent growth in movements from the 
west coast of the United States to the east coast of Canada, which 
should continue without artificial restriction. Taking these smaller 
movements as a whole, a 1975 tonnage of 100,000 is a reasonable 
projection, allowing for somewhat more than double the recent volume. 


Atlantic to Pacifie 


_The individual trade route movements of canned goods in this 
direction are all relatively small. The principal destinations are Asia 
and the west coasts of the United States and South America. About 
half the 1957 tonnage was milk exported from the United States. 
The individual movements do not warrant separate study for pepe 
of projection, nor are sufficient data callable for detailed analysis. 
The total movement in this direction is above prewar levels and has 
had regular gradual growth during the 1950’s. The prospects for 
rising incomes in Asia and on the west coast of South America are 
favorable for continued growth. An extension of the recent trend 
should give a satisfactory indication of probable future tonnage in 
this direction. On this basis the volume is projected as rising from 
193,000 long tons in 1957 to 400,000 long tons in 1975. 





226 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Summary 
Total canned goods—eastbound and westbound—for 1957 and 
projected movements for 1975, in long tons, are as follows: 


Pacific to Atlantic 1, 311, 000 
_ Atlantic to Pacific 193, 


To aabey pede of canned goods traffic beyond 1975 becomes 
quite speculative. Canned goods are consumer goods rather than 
basic materials with many uses. By the end of the century unfore- 
seeable changes in dietary habits may occur, and new forms of food 
preservation may alter the present supply-demand relations that give 
at least a reasonable general outline of probable conditions for the 
next 15 to 20 years. Fruits and vegetables canned in the United 
States are clearly superior in quality to the products of other areas. © 
In several decades, areas that are presently in an early stage of 
development may achieve the same integration of plant breeding, 
comenets and processing that yields the superior Anata prod- 
uct today. 

It would be expected that a lasting basis for the exchange of food 
products will exist between the tropical and temperate areas of the 
world and between the producers of various special varieties, qualities, 
etc. However, exchange of staple vegetables and fruits between 
temperate areas may diminish as agriculture becomes more highly 
developed in areas where it is not now advanced, and realinements to 
new sources and markets may occur. In general, these possibilities 
do not imply that Panama Canal tonnage in canned foods (or equiva- 
lent processed forms) would necessarily increase indefinitely. Growth 
may level off in the latter part of the century. The uncertain future 
of U.S. intercoastal trade, after present fleets must be replaced, 
further complicates the outlook. 

In view of these factors, a fairly conservative approach to the 
canned goods traffic in the distant future seems warranted—say a 
growth of about 25 percent beyond the 1975 projection, which would 
give 2,400,000 long tons, Pacific to Atlantic, and 500,000 long tons, 

tlantic to Pacific, toward the end of the century. 


REFRIGERATED FOODS 
Dairy products 


Of the total movement of refrigerated dairy products through the 
Panama Canal, less than 1 percent is westbound. As no significant 
change is anticipated in this relationship, the factors which EO 
the eastbound movement are those relevant to future traffic through 
the canal. In 1957, 279,638 long tons of dairy products moved east- 
bound, 92 percent of which originated in New Zealand and 7 percent 
in Australia. Nimety percent of the volume terminates in the United 
Kingdom. The 1957 movement was somewhat higher than the stable 
level of other recent years, probably owing to the Suez Canal closure. 
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With the above pattern of trade in dairy products through the 
canal, the following factors influence the future movements of this 
eqramnoaii group and are discussed below: 

1. The future importing capacity of the United Kingdom and 
other Atlantic countries. 

2. The future exporting capacity of Australasia and other 
Pacific countries. 

3. The future exporting capacity of Atlantic competitors for the 
United Kingdom and European markets. 

4. The possible effects of competing products and the sources 
(Atlantic or Pacific) of such products. 

The future importing capacity of the United Kingdom 

Changes in domestic production are unlikely to be a major factor 
affecting import volume in the United Kingdom. Although total food 
consumption is estimated to increase by 15 percent between 1955 and 
1965,” it is likely that consumption of butter in icular will remain 
relatively stable for. the following reasons: (1) There is no immediate 
pevepest of significant improvement in living standards, owing to 
imited resources, need for improved production processes, war damage 
and debt, loss of resources in colonies, and declining oversea mvest- 
ment income; (2) population is estimated to increase by only 12 percent 
between 1955 and 1980;* and (3) butter, in particular, will bind to face 
increased competition from margarine. 


The future exporting capacity of Atlantic competitors for the United 
Kingdom market 


The major suppliers of dairy produce, Denmark and Holland, have 
been increasing production. (See table VI-2.) Both countries will be 
anxious to expand their share of the United Kingdom market. The 
United Kingdom will have to make a decision on (1) whether to 
continue its own high subsidy program for agriculture and (2) whether 
to maintain imperial preference or join the possible European free 
trade area completely. 


TaBLe VI-2.—Butter and cheese production in selected countries, 1935-656 
[Thousands of metric tons} 


1 Argentina, Surinam, Venezuela, Brazil, The Guianas, and Uruguay. 
Source: Andrew W. Ashley, “Future Pattern of Food Consumption in the United Kingdom.” Paper 
read before the Agricultural Economics Society, Dec. 17, 1956. 
drew W. Ashley, ‘‘Future Pattern of Food Consumption in the United Kingdom.” Paper read 
before the Agricultural Economics Society, Dec, 17, 1956, . 
* United Nations, ‘Proceedings of the World Population Conference, 1954,”” vol. ITT. 
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Although the recent discussions of a free ‘trade area have excluded 
agricultural pees largely at the insistence of the British, the 
possibility of including these products will no doubt eventually be 
opened. The policy decisions on these questions will determine 
whether New Zealand will gain an increased market due to reduced 
domestic production, or a decreased’ market in the face of competition 
from Denmark and Holland due to Pe liberalization of trade 

e Continent. 

The longrun outlook is for European competitors to take a share 
of the United Kingdom market from Australasia, although New 
Zealand will always Ms the major supplier. 

The possibility of new exporters in the Pacific 

Outside of Australasia little exporting potential exists except on 
the west coast of the United States and Canada. The potential future 
production of dairy products in New Zealand is high, and in 1955 80 
percent of total duty production was exported. (See tables VI-2 
and VI-3.) It is likely that production will continue to increase, 
owing to technological advances and land development. Althou 
prices have declined since 1955, it is unlikely that production will 
curtailed in response to price. 


Taste VI-3.—Butter and cheese exports, by selected country, 1935-56 
[Thousands of metric tons} 


: Monthly Bulletin of Agricultural Economics and Statistics, Food and Agricultural 


Source 
(FAO) of the United Nations, Rome, Italy, vol. VI, Nos. 7 and 8, July and August 1957, pp. 48-49. 
TaBsize VI—4.—Index numbers of agricultural production in selected countries 1985-56 


Sources: 1935-39—Monthly Bulletin of Agricultural Economics and Statistics, Food and Agricultural 
Organization (FAO) of the United Nations, Rome, Italy, vol. VI, No. 2, February 1957, p. 8. 1952-56— 
vol. V, No. 2, February 1956, p. 29. 


From table VI-2 it can be seen that in the 20-year period 1936-56, 
roduction of butter and cheese has increased 20 percent in New Zea- 
nd, whereas total agricultural output in the country has expanded 
28 percent in the same period. (See table VI-4.) Australia’s pro- 
duction of butter and cheese has increased only 5 percent in this pe- 
riod, compared with a total increase in agricultural output of 29 percent. 
It is expected that in the next 20 years, dairy production will con- 
tinue to increase at a slower rate than total agricultural production, 
and in New Zealand it could be assumed to increase at approximately 
the same rate as in the past 20 years; that is, by 1975, production 1s 
estimated at 360,000 metric tons. 
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New Zealand is relatively isolated, has limited mineral resources, 
and is unlikely to become industrialized to any great extent. Thus, 
if standards of living are to be maintained or improved; agricultural 
output must be increased. The United Nations population projec- 
tion for New Zealand is for a 24-percent increase by 1980. Per capita 
consumption of dairy products is already third highest in the world 
and is unlikely to increase po ay Therefore, domestic con- 
sumption in New Zealand is likely to grow only about in proportion 
to population; that is, 20 to 25 percent by 1975. 

n 1955, New Zealand consumption of butter and cheese was 55,000 
metric tons. An increase of 25 percent by 1975 would raise this figure 
to 70,000 metric tons, which would give an export surplus in 1975 of 
pre 290,000 metric tons, an increase of 20 percent over the 1955 

ure. 

a nstralid faces a somewhat different situation. Being well en- 
dowed with mineral resources it can absorb an expanding population 
through industrialization (United Nations estimate is 26 percent be- 
tween 1955 and 1980) and not be under as much pressure as New Zea- 
land to increase agricultural output. Domestic consumption is likely 
to absorb and even exceed the production export surplus of dairy 
products. Australian conditions are more suitable for beef cattle and 
sheep than for dairying, and no large increase in dairy output is likely. 
Thus, it is epadted thet Australia will become an importer rather than 
an exporter of dairy products, and absorb some of New Zealand’s in- 
creased production; India may also absorb some New Zealand surplus. 
Possible new importers in the Atlantic 

The United States and Canada are not likely to become major 
importers, because of domestic surpluses. Little significant volume 
is involved in potential imports by Caribbean and Central American 
areas. On the east coast of South America, Venezuela, Brazil, and 
Argentina are likely to expand consumption. Some of this increased 
demand will be met from domestic ilsdiictidin but it is expected that 
there will be a limited market for imported dairy products as shown 
by recent growth in both domestic production and imports. 


TaBLe VI-5.—Total production and imports of refrigerated dairy products by 
countries on east coast of South America 


Total production 
Total imports 


Source: Andrew W. Ashley. “Future Pattern of Food: Consumption in the United Kingdom.” Paper 
Dee. 17, 1956. 


read before the Agricultural Econ Society, 

While the United States would be interested in the development of 
this market, oo nee problems are likely to influence such 
trade to the advantage of New Zealand. 

Thus, there is likely to be a small increase in the movement of dairy 
products from New Zealand to the east coast of South America, 





ceeehretien «®t 


230 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


The possible effects of competing products 

Competition from synthetic dairy products is likely to become more 
acute in New Zealand’s Atlantic markets. Raw materials for these 
synthetics can be grown readily in North and South America, Afri 
and parts of Europe. Thus, it seems that an adequate supply shoul 
be available from within the Atlantic countries. The extent to which 
synthetics will substitute for dairy products is a major study in itself, 

owever, it is expected that with promotion, education of consumers, 
possible reduction in subsidies, or tariffs favoring dairy products, 
synthetics will gain wider acceptance at the expense of dairy products. 


Summary 


In the United Kingdom, consumption of dairy products is likely 
to remain near present volumes, and imports of dairy products from 
the Continent will probably increase over the long run at the expense 
of Australasia. New Zealand’s exports will suffer further from 
competing synthetic products. Australia and possibly India are 
likely to become important importers of New Zealand products, 
thereby reducing the quantity available for movement to Atlantic 
destinations. Naw Zealand may expect to gain some of an expanding 
maket in South America and Ae to expand sales in Europe outside 
the United Kingdom. 

The net result is that the flow of refrigerated dairy products through 
the canal is expected to be maintained at about present levels through 
1975. The 7 percent of total movement through the canal originating 
in Australia will probably cease, but this will be compensated by 
increased shipments from New Zealand to South America and Europe. 
Food preferences toward the end of the century and further develop- 
ments in competing products cannot be foreseen at all clearly. How- 
ever, it is reasonable at this time to expect further substitution of 
margarine for butter, which may be offset by growing consumption of 
cheese as population and incomes rise. Since butter makes up about 
75 percent of canal tonnage in these products, a projection of tonn 
in the year 2000 about equal to that of 1975 appears rather optimistic. 
An eee annual volume of 250,000 metric tons is therefore projected 
to the end of the century. 


Refrigerated meats 


In 1957, the total movement of refrigerated meat through the 
Panama Canal amounted to 496,299 long tons. Of this total, 87 
percent originated in New Zealand and 12.7 percent in Australia—ac- 
counting for 99.7 percent. The United Kingdom receives 85.5 per- 
cent of the meat, and continental Europe 8.5 percent—thus account- 
ing for 94 percent of the total movement. As with diary products, 
the only significant movement is from Australasia to Europe. 

During the 10-year period following World War II, meat shipments 
through the canal in the European trade remained relatively constant, 
averaging 312,000 tons per year, with a high of 340,000 tons in 1949 
and a low of 229,000 tons in 1951. In 1957, the volume jumped by 
over 40 percent to 474,000 tons, probably owing largely to the Suez 
crisis. Thus, apart from 1957, there has been no trend which would 
indicate an increasing or decreasing movement of refrigerated meat 
through the canal. 
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This stability may in part be attributed to two factors—the first 
being that until 1955, New Zealand’s exports to the United Kingdom 
were based on Government contracts; and, second, prior to 1955, 
neither Australia nor New Zealand actively sought markets outside 
the United Kingdom. In recent years both countries have increased 
their trade representatives in southeast Asia, Japan, North America, 
and continental Europe for the purpose of promoting primary 
products. 

In analyzing the possible future movement of refrigerated meats 
through the canal, it is assumed that the current volume moved 
through the Suez Canal will not be affected by further difficulties 
in that area. The factors governing meat movements through the 
canal are then the same as those affecting dairy products, namely— 

1. Potential exporting capacity of Pacific countries. 

2. Potential importing capacity of Pacific countries. 

3. Potential importing capacity of Atlantic countries, par- 

ticularly the United Kingdom, 

4. Potential exporting capacity of Atlantic countries. 
Unlike the situation in butter, there is currently no sign of a product 
which might be an acceptable substitute for meat. 
Potential exporting capacity of Pacific countries 

Of the Pacific countries which have a potential for increased meat 
exports, New Zealand is the one most likely to affect the movement 
through the canal. Except for exports to the Atlantic coast of North 
America, any increase in Australian exports will move mainly through 
the Suez or via the Cape of Good Hope or to southeast Asia. 

New Zealand has the potential for substantially increased meat 
production. With continuing high prices for wool and meat, it is 
expected that land development and use of improved production tech- 
niques will lead to an accelerated increase in output. 

In the 29-year period 1935-55, meat production increased 35 per- 
cent. (See table VI-6.) With a continuation of this trend it is 
estimated that production would increase by 40 percent above the 
1955 figure by 1975-80, giving a total production of 860,000 metric 
tons. 

Tasie VI-6.—Meat production in selected countries, 1985-56 


[Thousands of metric tons] 


Source: Andrew W. Ashley, ‘Future Pattern of Food Consumption inthe U.K.” Paper read before the 
Agricultural Economics Society, Dec, 17, 1956. 


In 1955, total New Zealand consumption of meat was 225,000 metric 
tons. It 1s estimated that population will increase by 20 to 25 percent 
between 1955 and 1980. It is unlikely that per capita consumption 
of meat will increase significantly. Thus, it is estimated that the total 
domestic consumption will increase approximately 25 percent by 
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1975-80, givin a total of 280,000 metric tons. This gives an export- 
able surplus of 580,000 metric tons, an increase of almost 50 percent 
over the 1955 figures shown in table VI-7. 


TaBiye VI-7.—Meat exports, by selected countries, 1935-56 
[Thousands of metric tons] 


Source: Food and Agricultural Organization (FAO) of the United Nations, Monthly Bulletin of Agri- 
cultural Economics and Statistics, vol. VI, No. 5, May 1957. 


Potential importing capacity of Pacific countries 

The Australian picture with regard to meat is the reverse of the 
dairy situation. The country has tremendous potential for the pro- 
duction of beef and lamb, well in excess of any likely increase in 
domestic demand. Thus Australia will not be an outlet for any New 
Zealand meat surplus. Japan, India, and southeast Asian countries 
may take some of this surplus, but New Zealand must look primarily 
to North America and Europe as the major markets for increased 
exports in the future. 

Potential importing capacity of Atlantic countries 

In the United States a delicate balance exists between the huge 
domestic consumption and production of meat, particularly beef. 
Being a commodity unsuited to long storage, the supply of meats on 
the market normally fluctuates, and an unbalance of a few percent 
between the U.S. supply and demand represents a large absolute 
volume when expressed in terms of world trade movements. On 
those occasions when the unbalance takes the form of a supply deficit, 
the United States represents a large, unstable market for meat 
exporters. Australasia will undoubtedly try to expand exports to 
the United States through Atlantic and gulf ports, but in 1957 these 
movements totaled only 12,357 long tons. Future shipments will 
be governed largely by U.S. tariff policy. Continued protection for 
domestic producers would probably keep these imports small in- 
definitely. But reduction in duties could allow a substantial move- 
ment. 

In the United Kingdom, for reasons discussed in the section on 
dairy products, importing capacity is likely to increase relatively 
slowly. (See table VI-8.) Thus, if New Zealand is to expand exports 
to Europe, it must find markets on the Continent. Such potential 
markets do exist in West Germany, the Netherlands, Italy, Austria, 
Sweden, and Russia. With the exception of these countries there is 
little potential for Australasian meat east of Panama. 
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Tasie VI-8.— Meat imports by selected countries, 1985-56 
[Thousands of metric tons] 


Source: Food and Agricultural Organization (FAO) of the United Nations, Monthly Bulletin of Agri- 
cultural Economics and Statistics, vol. VI, No. 5, May 1957. 


Potential exporting capacity of Atlantic countries 
As already mentioned, the United States has a tremendous meat- 
roducing capacity, but.in spite of the minor exports shown in table 
I-7, the United States is a net importer of meat. The rapidly ex- 
paneling, domestic market, governmental agricultural policies, and 
dollar shortages abroad will all serve to limit American competition 
for European markets. Future exports are not expected to be 
significant. 
Argentina and Uruguay are the only South or Central American 


states which are likely to have significant export surpluses of meat. 
Prior to World War IL Argentina was the largest meat exporter in the 


world, exporting almost twice the tonnage of New Zealand, the second 
largest. At that time Uruguay and Brazil were also important sup- 
pliers, as shown in table VI-7. This table does not show total world 
exports of meat, but it may be added that between 1934 and 1954, 
Latin America’s share of total world exports dropped from 41 to 17 


percent.‘ This decline has provided Australasia with an opportunity 
to expand in the European market. 

The decline in meat exports from Latin America is due to the follow- 
ing factors: (1) entina suffered a severe drought 1948-51, leading 
to the reduction of breeding herds; (2) subsidized retail meat prices 
in Argentina led to a 25-percent increase in per capita consumption, 
which, combined with population increase, gave rise to 58 percent 
higher domestic consumption; (3) Uruguay also had a rapidly expand- 
ing consumption in excess of production increases; and (4) competition 
of other items for land in Uruguay and Brazil has tended to dis- 
courage livestock production. Under this situation Brazil became an 
importer rather than an exporter. Argentina is now expanding ex- 
ports, and it is expected that both Uruguay and Brazil will expand 
meat exports over the long term. Thus, Australasia will face in- 
creased competition in the export markets, particularly from Ar- 
gentina, 

Summary 


There is likely to be a substantial increase in meat exports from 
Australasia. Practically all of the increase from New Zealand and 
a small part of the increase from Australia will move through the 
Panama Canal. The major market sought by these two countries 
will be continental Europe, where per capita consumption is relatively 
low and a large increase in imports is likely as population and incomee 
rise. They will meet serious competition from Argentina in thesr 
markets. The position of the United States as an exporter or importes 


LT 
‘ Economic Bulletin for Latin America, vol. I, No. 1, January 1956, 
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of meats will be determined by government policy. Currently it is 
anticipated that the policy will remain unchanged, and thus there will 
be no great increase in imports from Australasia. However, if the 
United States were to admit large quantities of foreign meat, a portion 
of Australian exports otherwise moving to Europe via Suez or the 
Cape of Good Hope would probably be diverted to the Panama Canal. 

he net result is expected to be a significantly expanded flow of 
meat through the canal, in the order of 40 percent above the recent 
average by 1975-80, representing growth in New Zealand export ca- 
pacity. This would give annual tonnage of about 450,000. Ship- 
ments from Australia to the east coast of the United States could in- 
crease this total if U.S. tariff policy is changed. The demand for 
meat in the importing countries should continue to grow to the end of 
the century. It <a reasonable to assume that improved tech- 
nology will, enable the producing countries to meet this demand. A 


continuation of the growth in canal tonnage of meat is therefore proj- 
ected to the year 2000. If population in the European importin 

countries grows beyond 1980 at the rate projected for 1960-80, and i 

per capita consumption has stabilized by that time, a further growth 
of 10 to 12 percent would be indicated. Tonnage for the year 2000 
is therefore projected as 500,000 metric tons. 











SECTION VII 


SUGAR 
(By V. P. Timoshenko, Food Research Institute, Stanford University) 
BACKGROUND—SUGAR ACTS AND AGREEMENTS 


From a long-range oom of view, excess production capacity and a 
certain degree of instability of the world sugar market may be regarded 
as general characteristics of the world sugar industry. 

Instability of the world market derives in large part from the fact 
that the so-called free market of sugar comprises only a small part of 
the world trade in sugar, to say nothing of world sugar production 
and consumption. The International Sugar Council determined total 
requirements for sugar of the free market at 4,650,000 metric tons in 
1955 and 5,080,000 metric tons in 1956.!_ World sugar exports, 
including U.S. trade with its territories, was estimated by the Foreign 
Agriculture Service of the U.S. Department of Agriculture? at 16 
million metric tons in 1955 and 16.2 million metric tons in 1956. 
Total world sugar consumption was estimated according to sugar 
statistics of the International Sugar Council for 1955 and 1956, 
respectively, at 37.6 million metric tons and 40.6 million metric tons.* 
The free market thus represented less than one-third of world sugar 
— and about one-eighth of world sugar consumption. 

More than two-thirds of world sugar exports were directed to the 
privileged markets, such as the U.S. market, which is regulated by 
the United States Sugar Act, 1948, as amended in May 1956, and the 
United Kingdom market, which is affected by the Commonwealth 
Sugar Agreement of December 1951. 

meee in these markets are regulated by quotas, but they derive 
considerable advantage from price maintenance or preferential tariff 
duties. Prices obtained in these markets are usually higher than 
prices in the free market, except when the world sugar price becomes 
unusually high, as happened for short periods under the influence of 
the Korean war and, more recently, during the Suez crisis. Conse- 
quently, countries that have established quotas in these markets strive 
to utilize fully these quotas for their exports, and the movement of 
sugar is thus determined by these regulations. 
urthermore, exports of sugar to the free market are not actually 
free but are regulated by the International Sugar Agreement of 1953, 
as amended by protocol of the United Nations Sugar Conference, 
October 4, 1956. This agreement established for participating 
countries quotas for exports to the free market, which may from time 
to time be restricted or expanded in connection with variations of 
world sugar prices. Several important sugar exporters, such as 
} Pocket Sugar Year Book, 1966 (International Sugar , p. 121. 
F Agriculture Circular (U.S. Department of ture, Foreign Agriculture Service, Wash- 


ington, Bo} . 5, 1957. 
* Pocket Sugar Year Book, 1956, p. 110. 
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Peru, Indonesia, and Brazil, chose not to participate in the Interna- 
tional Sugar Agreement, and this created a certain instability in the 
world sugar market. 

The movement of sugar in international trade, and therefore, also, 
its movement through the Panama Canal, greatly depends on the 
contiauation and functioning of the above-mentioned sugar acts and 

ecments. Consequently, for an estimate of the future movements 
of sugar through the Panama Canal, it is necessary to appraise the 
future expectation for these agreements and acts. 

The United States Sugar Act of 1948, as amended, was extended 
in May 1956 until December 31, 1960. Its importance from the point 
of view of sugar movement through the Panama Canal lies in the estab- 
lishment of quotas for imports into the United States from the 
Philippines and Hawaii. Shipments from these sources represent 
the most important movement through the Panama Canal from the 
Pacific to the Atlantic. The act also fixes the quota for imports into 
the United States from Cuba, and determines its rate of further 
increase with the growth of imports into the United States. 

The fact that the United States Sugar Act as amended in 1956 
assigns to Cuba only about 30 percent (29.59 percent) of the further 
increase in U.S. imports (beyond 8,350,000 ahiexs tons) points to a 
slower increase than before in Cuba’s quota in the profitable U.S. 
market. Consequently, for further expansion of her exports, Cuba 
has to look more to the free market, and particularly to Asiatic 
markets in view of further restriction of the European market for 
Cuban exports, partly by the British policy as expressed in the Com- 
mibeiveabth Sugar Agreement, partly by the policies of West European 
continental countries striving more and more for a self-sufficiency in 
sugar. Of importance also in this connection is the future policy 
in regard to sugar in ‘six Western European countries that signed an 
agreement in 1957, to establish the European Common Market. 

From this it is clear that continuation of the U.S. Sugar Act beyond 
1960 is a very important factor affecting future movements of sugar 
through the Panama Canal in both directions. The principles of regu- 
lation of the U.S. sugar market have remained more'or less the same 
since 1934. And since sugar beet and cane growers, as well as all 
groups of sugar processors, have expressed a degree of satisfaction 
with the act, it can be expected that it will be renewed before its 
re 4 at the end of 1960 and will continue for a substantial period 
ahead. 

The Commonwealth Sugar Agreement of 1951 extends at. least 
through 1959 and can be renewed each year to continue commitments 
for the full 8 years in advance. Its ‘effect is to restrict further the 
free market in the United Kingdom for Cuban sugar by establishing 
favorable quotas for sugar from the colonies and dominions. Its 
policy is to raise these quotas with the growth of United Kingdom 
requirements, which may result in a further expansion of quotas for 
Australasian sugar. At least part of the Australasian output moves 
through the Panama Canal to both the United Kingdom and Canada. 
These shipments are another important movement of sugar through 
the canal from the Pacific to the Atlantic. 

Britain’s policy of striving to assure greater self-sufficiency of the 
Commonwealth in sugar appears to be y established; and is not. 
much criticized by producers, processors; or consumers. Conse- 
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uently, it: may be reasonably expected that the Commonwealtli 
4 r Agreement will also continue fora considerable time. 

"ihe International Sugar Agreement; whose main purpose from its 
yery beginning in 1937 was to preserve the free market for s from 
further encroachments of various national and imperial (Common- 
wealth) regulations, has pursued the same aim since its renewal in 
1953 and reorganization in 1956, although with small success. Its 
importance for the movement of sugar through the Panama Canal 
lies in the assuring of favorable quotas for exports from Cuba, the 
Dominican Republic, and Haiti, which now move in considerable and 
increasing quantities to the markets of eastern Asia, using the Panama 
route. Because several important sugar exporters did not join the 
International Sugar Agreement, its position appears less stable than that 
of the United States Sugar Act and the Commonwealth Sugar Agree- 
ment. However, it may reasonably be assumed that its Deoiatans. 
ance would hardly affect unfavorably the movement of West. Indian 
sugar to the Asiatic markets. In free competition, with the Asiatic 
sugar exporters, such as Taiwan (Formosa) and Indonesia in their 
pespens political uncertainty, West. Indian sugar exporters, particu- 
arly such low-cost producers as Cuba and the Dominican Republic, 
may be assured an even larger share of the east, Asian markets than 
under the International Sugar Agreement. 

In this connection, it must be mentioned that the future political 
status of Taiwan and Indonesia may affect considerably the require- 
ments of the Far Eastern sugar importers, particularly Japan, for 
West Indian sugar. Any decrease of sugar supplies from these two 
countries for the free market. may considerably enhance the move- 
ment of West Indian sugar to the Far East by way of the advantageous 
Panama route. 


PREWAR AND POSTWAR MOVEMENT OF SUGAR THROUGH THE PANAMA 
CANAL 


Before the war, movement of suger through the Panama Canal had 
a distinctly one-sided character—from Pacific to Atlantic. The 
paatores movement, particularly in recent years, became much more 
alanced as exports, mostly of West Indian sugar to Far Eastern 
markets, grew in importance. ‘This is illustrated in the following 
tabulation, showing sugar traffic through the Panama Canal for 
selected prewar and postwar fiscal years. 


[Thousands of long tons] 


Atlantic to 
Pacific 


74 
95 
50 
76 


76 


While the traffic from Pacific to Atlantic has been restored only 
to the prewar level—slightly exceeding it from 1955 on—the traffic 
from Atlantic to Pacific has grown several times. This reflects a 
reversal in the position of the Asiatic sugar market as an effect of 
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World War II. The Asiatic continent changed from a surplus sugar 
area to a deficit area, and the prewar situation has not yet been 
restored. This may be seen from the following tabulation, showing 
Asiatic production and consumption of centrif sugar for prewar 
and postwar years (in thousands of metric tons). 










Calendar years 





Crop years, 

1937-38 
Bee mre: is 6 cient stet io teccsi ee Sas 5, 488 
Sn ITN 5... oinensasinpingnpmtinmeiindeerenmeniaiaiin 4, 600 


Deficit (—) or surplus (+)-_-.......-.-.-.-.....-- 


With the ee Asiatic sugar exporter—the Philippines—export- 


ing practically all her sugar to the United States (890,000 metric tons 
on the average in 1954-56), the Asian sugar deficit that had to be . 
covered from non-Asiatic sources rose in 1955-56 to about 1.5 million 
tons and in 1954 to about 2.2 million tons. Both sugar production and 
sugar consumption have been rapidly increasing during recent years in 
Asia, and the question of how large a deficit will have to be covered 
from the outeide in the future depends on their further development. 
This problem will be discussed later. Now it must be said, however, 
that the above tabulation relates to the Asian continent in total, while 
from the point of view of sugar traffic through the Panama Canal, only 
eastern Asia’s requirements for outside sugar are of interest, since 
West Indian sugar exported to western and southern Asia takes the 
Suez route. Sugar requirements of Japan, Korea, mainland China, 
and the Far East of Siberia are discussed later. 


Pacific to Atlantic movement of sugar 


The movement of sugar through the Panama Canal from Pacific to 
Atlantic, currently the more important flow, may be analyzed in terms 
of its four major components: 

(1) From Asia, principally the Philippine Islands, to the east 
coast of the United States. This is the most important com- 
ponent. 

(2) From Hawaii to the east coast of the United States. This 
movement is second in importance. 

(3) The movements of Australasian sugar to Europe and to the 
east coast of Canada taken together approach in importance the 
movement of Hawaiian sugar. 

(4) The movement of sugar from the west coast of South 
America, mainly Peru, to Europe and the east coasts of the United 
States and South America. 


1. Philippine sugar 
The large movement of ee sugar to the United States was 
created by the U.S. policy of admitting that sugar duty-free to her 


highly protected market. From 1934 on, this flow was restricted by 
uotas under U'S. legislation; and from 1946, by the Philippine 
rade Act of 1946. This act fixed a quota for admittance of Philip- 
pine sugar at 952,000 short tons (including 56,000 tons of direct 


4 Data for 1937-38 crop oe are from Licht’s “‘Zuckerjahrbuch,”’ 1964-55, pp. 371, 375. Data for 1954-56 
are from “Pocket Sugar 


ear Book,’’ 1956, pp. 106, 109, 
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consumption sugar). Until July 3, 1954, Philippine sugar was to be 
admitted free; and from that date up to July 3, 1974; at a gradually 
increasing rate of duty up to the full-duty level, to which Philippine 
sugar was thereafter to be subject. By the Philippine Trade Agree- 
ment Revision Act of 1955, the beginning of the imposition of duty on 
Philippine sugar was postponed until January 1, 1956. 

Commencing January 1, 1956, the present act (1955) imposes a 
gradually increasing duty as a percent of the lowest duty in effect at 
rates indicated below: 


1956 to 1958__-------- 5 percent. 1970 to 1973__---..--- 80 percent. 
1959 to 1961__.-_--_.- 10 percent. January 1 to July 3, 

1962 to 1964... --.-.- 20 percent. 167 4ii si 25. 30SGa. < 100 percent. 
1965 to 1967__.-.-..-- 40 percent. July 4,.1974, onward.. Full-rate duty, 
1968 to 1970.__......- 60 percent. 


The present act preserves the previous size of the quota for imports 
into the United States of Philippine sugar; namely, 952,000 short 
tons, which includes 56,000 tons of direct consumption sugar. As 
officially calculated, this represents 977,000 short tons, or 886,000 
metric tons, of raw sugar. This quota is not to be increased with the 
increasing requirements of sugar by the United States. In the early 
postwar years the Philippines could not restore production to fill this 
quota; but from 1954 on, Philippine exports of sugar to the United 
States filled it competely. 

It has been Philippine policy recently to assure the completion of 
the U.S. quota before permitting other exports, even when the price 
on the free market was more advantageous. Section 202 Of the 
amended U.S. Sugar Act provides that the quota or proration for 
any foreign country having a quota or proration in excess of 10,000 
tons, which fails by more than 10 percent to fill its quota or prora- 
tion in any year during which the world price of sugar exceeds the 
domestic price (United States), shall be reduced in subsequent years 
by an amount equal to that by which the country failed to fill its 
quota or proration. 

Since past history shows that the U.S. domestic sugar price is 
normally maintained on a level exceeding the world price, except 
during short periods of very high world prices, section 202 of the 
United States Sugar Act, as amended, will be in the future an impor- 
tant stimulus for the Philippines to maintain continuously its exports 
to the United States on the level of their quota. The question of 
how the gradually rising duty may affect future imports of Philippine 
sugar to the United States, which represent the main flow of sugar 
through the Panama Canal, will be discussed later.® 

2. Hawaiian sugar 

The annual movement of Hawaiian sugar to the east coast of the 
United States during the fiscal years 1954-57 averaged 268,000 long 
tons as against an average of 286,000 tons for 1934-37, in spite of the 
fact that total annual shipments of sugar from Hawaii for the calendar 
years 1954-56 averaged more than 10 percent above the prewar (1935- 
39) level. Normally most of the Hawaiian sugar is shipped to the 

‘ The annual traffic of sugar from Asia to the east coast of the United States through the Panama Canal 
as anama bstantiall 
import into t - Cuited States of Phi ine Sagat for 1864-90 calendar years, according to information of 


Sugar 3 tons against 887,000 metric tons. Probably this may be 
explained by movements via Suez and direct of sugar shipped to the west coast. of the United 
















































ST Sn 








240 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


west coast of the United States for refining by the California & 
Hawaiian Sugar Refining Corp. near San Francisco. This company 
is cooperatively owned 7 the cane growers in Hawaii and is the onl 
cane sugar refinery on the Pacific coast of the United States. It is 
natural to ship as much Hawaiian sugar to this destination as can be 

rofitably absorbed by consumption in the western half of the United 

tates, and to ship to the east coast only the surplus. On some occa- 
sions, as in 1950, Hawaiian sugar has been shipped in larger quantities 
‘to the east coast because of labor troubles on the waterfront in 
California. 

Beet sugar is mainly produced in the western part of the United 
States, and it competes with the Hawaiian sugar in this area. In- 
creased supplies of beet sugar tend to reduce the market for Hawaiian 
sugar in the West. On the other hand, the more rapid growth of the 
population in the West as compared with the East tends to increase 
the total size of the western market for sugar and consequently the 
absorption of Hawaiian sugar in this area. 

In this connection, it is necessary to mention that the 1956 amend- 
ment of the U.S. Sugar Act of 1948 gives the domestic producing 
areas a share of the expanding U.S. market for sugar. Under the 
amended act, domestic areas will have added to their base quota 
55 percent of all requirements above 8,350,000 short tons. This 
means that the share of beet sugar in the total requirement exceeding 
8,350,000 short tons will be somewhat larger under the amended act 
than it would have been under the Seana while the share of 
Cuban sugar shipped to the east coast will be substantially smaller. 
This will tend to increase the supplies of beet sugar in the West and 
consequently to reduce in that area the market for Hawaiian sugar 
and stimulate its shipments in greater quantities to the east coast 
through the Panama Canal. However, under the amended act, the 
share of Hawaii in the expansion of the U.S. market is relatively 
smaller than those of continental and other insular (Puerto Rico) 
areas. Consequently, the total shipment of Hawaiian sugar to the 
continent will grow more slowly than the total U.S. requirement for 
sugar. All this must be taken into consideration in appraising the 


a movement of Hawaiian sugar to the east coast of the United 
tates. 


8. Australasian sugar 


The movement of Australasian sugar through the canal to the British 
Isles during recent years has been about on the same level as before 
the war, except in the fiscal year 1957 when it  freatly increased 
presumably because of the Suez crisis. Normally, only a sm 
portion of the United Kingdom imports of sugar from Australasia 
take the Panama route. For 1953-56 this portion only slightly 
exceeded 10 percent of the total imports of Australasian sugar into 
the United Kingdom. The major part followed the Suez route, 
which is somewhat shorter. For sugar from Fiji the route through 
Panama to the United Kingdom is shorter but substantial quantities 
nevertheless move via Suez due to ships calling at other ports en 
route. 

During recent years, Australasian shipped to Canada has 
moved mostly to Canaitats east coast, following the Panama route, 
in spite of the much shorter distance to the west coast. From an 
annual average of about 40,000 long tons for 1935-37, this traffic 
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increased to 95,000 long tons, the annual average for 1954-57. The 
movement of Australasian sug to the east coast of Canada increased 
in greater EOP ORSOn than did the total imports of Australasian sugar 
into Canada. Indeed, the annual average imports of Australasian 
sugar into Canada increased from 106,000 metric tons for 1935-37 
to 150,000 metric tons for 1953-56. Substantially more than half 
of the total Canadian imports of Australasian sugar is directed to the 
east coast of Canada. ‘The western part of Canada is supplied in an 
increasing proportion by domestic beet sugar, production of which 
has been expanding mainly in Alberta and Manitoba. 

' It must be said that the total imports of Australasian sugar into 
both the United Kingdom and Canada one recent years has been 
substantially larger than before World War Il. The Commonwealth 
agreement guarantees purchase of 600,000 long tons of Australasian 
sugar, including 314,000 long tons at the negotiated price, and of 
170,000 long tons from Fiji, including 125,000 long tons at the nego- 
tiated price. 

The negotiated price is revised annually and is based on a level 
profitable for both the growers and processors. The rest of the quotas 
are purchased at the world price but benefit from preferential import 
duties. Consequently, the participants of the Commonwealth agree- 
ment strive to take advantage of the entire quotas. During recent 
years (1953-56), about three-quarters of the total exports from Aus- 
tralasia were exported to the United Kingdom and Canada. Australia 
has been in a position from 1953 on to fill her entire quota. Further- 
more, during recent years she has been obliged to restrict her sugar 
production, . At the same time she found it desirable to negotiate an 


prermens with aapen for exports of sugar to that deficient area, 


indicates that Australia’s productive capacity exceeds the present 
guaranteed purchase of sugar under the Commonwealth sugar agree- 
ment, and she will be prepared to expand her exports to the United 
Kingdom and Canada in case of the enlargement of quotas under the 
agreement. 


4. South American sugar 


Shipment of sugar from the west coast of South America through 
the Panama Canal consists principally of Peruvian sugar. The larger 
part of these shipments is directed to Europe. However, the postwar 
shipment of sugar to Europe was substantially below prewar. Al- 
though in 1956 and 1957 these shipments recovered substantially from 
the low level of the earlier postwar years to reach 120,000 long tons, 
they were still below the annual average for 1934-37, which amounted 
to 157,000 long tons. This may be explained by the great reduction 
in imports of Peruvian sugar into the United Kingdom, which favored 
imports of the Commonwealth sugar. Such a situation may continue 
in the future. 

The decline of shipments to Europe was compensated for by larger 
shipments to the east coast of the United States and by the introduc- 
tion of shipments of Peruvian sugar to the Near East. The first is 
explained by assignment of larger quotas under the U.S. Sugar Act 
of 1948 as amended. The new amendment of the act in 1956, assign- 
ing 15.4 percent of the total increase in the U.S. sugar requirements 
over 8,350,000 short tons to foreign countries other than Cuba and 
the Philippines, raises the Peruvian quota in the U.S, market sub- 
stantially more than the unamended act would have done. 
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However, an enlargement of the Peruvian quota in the U.S. imports 
may be prevented under article 7 of the International Sugar Agree- 
ment, according to which the United States, as a participant in the 
agreement, is obliged not to permit imports from nonparticipating 
countries beyond a certain historically established previous level. 

Peru refused to join the International Sugar Agreement of 1953 
because she was not satisfied with the offered quota on the free market. 
She has not yet signed the protocol of the amendment of 1956, though 
the quota offered (457,000 metric tons against 280,000 metric tons in 
1953) exceeds her actual annual exports for recent years (1954—56). 

Remaining outside of the agreement, Peru succeeded in increasing 
her production of sugar from about 400,000 metric tons during 1935-37 
to nearly 700,000 metric tons in 1956. Her exports increased, accord- 
ing to statistics of the International Sugar Council, from 321,000 
metric tons annual average for 1935-37 to 444,000 metric tons for 
1954-56. They should not decline even if Peru joins the agreement, 
since the quota offered by the protocol of the amendment of 1956 
exceeds her actual exports. 

The major part of Peru’s exports is directed to her neighboring 
countries—Chile and Bolivia. However, her exports to Japan, 
averaging annually about. 90,000 metric tons during 1953-56, are 
second in importance. They compete directly with West Indian 
exports to that destination. Consequently, any further increase of 
shipments of Peruvian sugar to Japan (vrhich do not pass through 
the Panama Canal) may replace an equal quantity of West Tndian 
sugar that would use the Panama route. 

he situation is reversed with Peruvian exports to western Asia: 
their expansion at the cost of exports of West Indian sugar tends to 
increase sugar traffic through the Panama Canal. But at the present 
time this movement is relatively small—14,000 long tons annually 
during the fiscal years 1954-57. 


Atlantic to Pacific movement of sugar 


Three movements of sugar through the canal from Atlantic to 
Pacific can be distinguished for analysis as follows: 
(1) From the West, Indies to east Asia. This is by far the 
largest movement in this direction. 
(2) From the West Indies to the west coast of South America. 
This movement is second in importance. 
(3) From the east coast of the United States to Korea. 


1. West Indian sugar to east Asian markets 


By far the largest component of the movement of sugar from Atlan- 
tic to Pacific through the Panama Canal consists of West Indian sugar 
directed to east Asian markets, mainly to Japan. Other secondary 
destinations in east Asia are South Korea, Hong Kong, and the far 
east of the U.S.S.R. Mainland China is not indicated as a destination 
of sugar from the Western Hemisphere and may be regarded only as 
a potential market. Her imports of sugar, estimated b the Foreign 
Agricultural Service of the U.S. Department of Agriculture for 1955 
at about 130,000 metric tons, were much smaller than the prewar 
imports, which averaged around 300,000 metric tons during 1935-39, 
according to the same authority. By far the larger part of the Chinese 
imports of sugar is obtained from countries of the Soviet bloc and is 
shipped through the Suez Canal. 
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Total Japanese imports of sugar averaged 1,060,000 metric tons ° 
annually during 1953-56. Of this quantity, imports from Cuba 
amounted to 417,000 metric tons, and from the Dominican Republic 
30,000 metric tons, with small quantities from Haiti. More than 40 

rcent of the total Japanese imports during these years consisted of 
West Indian sugar using the Panama route. To this must be added 
the Brazilian sugar, which during these years was imported at the rate 
of 64,000 metric tons annually, according to statistics of the Inter- 
national Sugar Council. It thus appears that during 1953-56, nearly 
half (48.6 percent) of the total Japanese sugar imports consisted of 
sugar using the Panama route, Other major sources of Japanese 
imports were Taiwan, Indonesia, Peru, Australia, and the Philippines. 

enerally speaking, the source of Japanese sugar imports is quite 
diversified. This is now the most competitive sugar market of the 
world, although imports are controlled by the Government through 
licensing. Japan is obliged to control imports of sugar because of the 
shortage of foreign exchange, and she is using this control as an imple- 
ment of her trade policy. She prefers to import sugar from countries 
where she may pay with her exports, and consequently seeks to cover 
her requirements mainly from ‘Taiwan and Indonesia. 

During the revision of the International Sugar Agreement in 1956, 
Japan insisted on larger quotas for these Asiatic exporters. Taiwan’s 
quota has been Seon from 600,000 to 750,000 metric tons, and Indo- 
nesia was offered a quota of 350,000 metric tons instead of 250,000 
tons as in 1953. In addition to this, a special reserve tonnage of 
95,000 metric tons for Taiwan (for 1957) and 50,000 metric tons for 
Indonesia (for 1958) were established by the protocol of the amend- 
ment of the International Sugar Agreement. For some time Indo- 
nesia remained an outsider to the agreement, but recently the Indo- 
nesian Cabinet decided that she should join the International Sugar 
Agreement of 1953 as amended in 1956. If she joins, the new, enlarged 

uota for exports of Indonesian sugar to the free market assures her 
the possibility of nearly doubling her exports, which averaged 183,000 
metric tons during 1954-56. 

Japan may thus count upon abundant supplies of sugar for the 
near future under the International Sugar Agreement as amended in 
1956, from Asiatic sources as well as from the Western Hemisphere. 
How much of her imports will follow the Panama route depends on 
her ability to make good bargains for sugar from Asiatic exporters as 
well as from such important sources as Peru and Australia. 

The movement of Cuban sugar to the far east of Siberia—25,000 
long tons in 1957 and probably the same in 1955 and 1956—is hardly 
predictable. From an economic point of view, imports of Cuban sugar 
to the Soviet far east may be reasonable even if the U.S.S.R. becomes 
self-sufficient in sugar, since there is not enough local sugar in eastern 
Siberia and Soviet sugar must be hauled long distances. But with 
improvement of the sugar supply within the countries of the Soviet 
bloc, it may be expected that Polish or Czech sugar will be shipped 
erough the Suez Canal to that destination, as it is shipped now to 

a. 


LLL 
*“Pocket Sugar Year Book,” 1956, p. 57. 
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2. West Indian sugar to west coast of South America 

Of other movements of puger from Atlantic to Pacific, the second 
in importance are exports of West Indian sugar to the west coast of 
South America, consisting of exports of Cuban sugar to Chile. Duri 
recent years (1954-57), this flow has amounted to about 60,000 metrie¢ 
tons annually. These exports directed to Chile, the nearest neighbor 
of Peru, are in direct competition with Peruvian exports, but they are 
‘persistently stable. This indicates that the policy of Chile is to diver- 
sify her sources of supply in sugar. 

There is also a small—18,000 long tons annually during 1954-57— 
but persistent movement of West Indian (probably from British West 
Indies) s to the west coast of Canada. This flow meets, in the 
Panama Canal, sugar from other Commonwealth sources moving in 
the opposite direction to the east coast of Canada. 


3. Sugar from east coast of United States to Korea 

Some quantity of sugar from the east coast of the United States . 
moves to South Korea. In prewar years, Korea was importing over 
60,000 metric tons of a year. These imports to South Korea 
were restored to about the same level after the war. he are sup- 
lied partly from the east coast of the United States, partly by such 
West Indian exporters as the Dominican Republic and Haiti, but 
partly also from such Asiatic sources as Taiwan. The purchases of 
8 by South Korea is its ans political situation cannot be eon- 
sidered as representative. bably under more normal conditions 


Korea will import a larger portion of its requirements from nearby 
Asiatic exporters. 


FACTORS DETERMINING FUTURE SUGAR TRAFFIC THROUGH THE PANAMA 
CANAL 
Global estimates 


The future expansion of international trade in sugar may be more 
reliably forecast from the demand rather than the supply side, since 
supply tends usually to exceed demand in the world sugar market. 
For a forecast of the future trend in the world sugar demand, it is 
necessary to project the growth of population and the change in rates 
of per capita sugar consumption. 

n the appraisal of the future growth of population, estimates of 
the United Nations are used.’ The rates of growth of per capita sugar 
consumption are discussed below. 

World War II resulted in a temporary decline in the production and 
consumption of sugar from 1939 to 1945. This decline was more than 
offset during the following 5 years, and the growth continued during 
recent years. To determine the past rate of growth, the present 
(1955) consumption * may be compared with prewar consumption 
(1937-38) or with consumption in a postwar year after the ay, post- 
war sugar shortage had been made up (1950-51). The total world 
sugar consumption rose from 26.4 milhon metric tons in the 1937-38 
crop year to 37.6 million metric tons in the 1955 calendar year,* an 
increase of 42.4 percent. At the same time, the population increased 
from 2,170 million to 2,691 million, that is, by 24 percent. Conse- 
quently, per capita consumption increased by 14.8 percent during that 

? United Nations, ‘Proceedings of the World Population Conference, 1954,” vol. ITT. 


There are only preliminary statistics on consumption in 1956, and it was affected by the Suez crisis. 
* Data for 1937-38 from Licht’s ‘“‘Zuckerjahrbuch,”’ 1954-565; for 1955, from “‘Pocket Sugar Year Book,” 1956. 
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period. Assuming a uniform growth during the entire period, we ob- 
tain a rate of growth in per capita consumption of 0.8 percent." 

A much greater rate is obtained for the shorter postwar period from 
1950-51 (crop year) to 1955. Total sugar consumption for 1950-51 
was estimated by a competent authority '! at'32.4 million metric tons. 
As the 1955 total consumption of sugar was 37.6 million metric tons 
it increased from the 1950—51 crop year by 16 percent. The annual 
rate of growth of total consumption was consequently equal to 3.5 
percent. As the population increased from 2,506 million ** on March 
1, 1951 (middle of t e 1950-51 crop year) to 2,691 million on July 1, 
1955, or by 7.4 percent, the per capita consumption of sugar increased 
during the same period by 8 percent, at the annual rate of 1.8 percent. 

The long-range rate growth of 0.8 percent derived above may be 
considered too low, since it was affected by the decline of consumption 
during the war. On the other hand, the rate of growth from 1950-51 
to 1955 may be eee as too high, since the 1950—51 sugar consump- 
tion still could reflect the depressing effect of the war. It thus appears 
reasonable to expect that the annual growth of per capita sugar con- 
sumption will proceed at a rate between 1 and 1.5 percent, say 1.25 

cent. 

S tnarabtie this rate of growth of per bs rye consumption and accept- 
ing the “medium” annual rate of gro of the world population as 

rojected by the United Nations, namely, 1.2 percent, yields the fol- 
fring results for the prospective total world consumption of sugar 
in 1965 and 1975 (in million metric tons) and its increase over 1955 
consumption (in percent): 
1965 Percent 


World sugar consumption... 61.3 
Increase from 1955 63. 


World sugar consumption... 48 1 


2) 1975 
Increase from 1955 28. 0 


Of couse, the global growth of world sugar consumption consists 
of various components showing quite different rates of growth. Past 
experience shows that while the total world consumption increased 
by 42.4 percent from 1937-38 to 1955, the consumption of sugar in 

estern Europe (excluding the U.S.S.R. and its satellites) increased 
only by 17 percent; in North America (including U:S. insular areas), 
by 37.2 percent; and in Asia, by 26.1 percent. At the same time, 
the total consumption in Latin America doubled and that in Africa 
more than doubled. 

A special study of sugar consumption by the Food and Agriculture 
Organization (FAO) undertaken in 1952 shows that the greatest in- 
crease of per capita s consumption from prewar levels took place 
in the countries with low levels of per capita consumption (5 to 10 
kilograms). On the other hand, in countries with very high levels 
(over 40 kilograms), consumption increased only slightly or even de- 
clined. But in Asia, recovery started late, and in 1951 its total con- 
sumption of sugar was still below the prewar level in spite of the fact 
that the prewar level of per capita consumption there in major coun- 
tries was very low (below 5 kilograms). Satay the development 

ey” November a (U.8, Dpartment of rice). 4 snp n xtimat 
itches Taschenbuch,”” 1964. ‘The estimate is based partly on the statistics 
ternational Sugar Council and partly on Licht’s statistics. 
'- Interpolated from data for 1950 aad 1958 as re in “United Nations Statistical Yearbook,” 1956. 
‘AO Commodity Series. “Sugar” Bulletin No. 22, September 1952, pp. 28-26. 
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in the recent 5-year period shows that the consumption of sugar in 
Asia was increasing even more rapidly than m South America and 
Africa. This indicates that it is reasonable to expect. that in the 
coming decade or two the rate of growth of Asia sugar consumption 
will exceed the average rate for the world, while in Western Europe 
and North America it will be below that average. 

It is significant that in spite of the great a in the international 
trade in sugar brought about by World War II, the relationship be- 
tween the size of world sugar exports and total world sugar consump- 
tion changed little, as the following tabulation shows." 


1937-38 1953-54 1955 
Million metric tons 


World sugar consumption i 37.4 37.6 
World exports . 15.5 16.0 


Percent of world consumption 


World exports 


This gives a basis for the expectation that this relationship will 
not change much in the coming decade or two, and that world exports 
of sugar will also comprise about 40 percent of the world sugar con- 
sumption in 1965 and 1975. As we placed our expectation of the 
world sugar consumption in 1965 at about 48 million metric tons 
and that in 1975 at 61 million tons, the world sugar exports may well 
reach 19 million tons in 1965 and 24 million tons in 1975. 

These data on the expected world exports of sugar may serve also 
as the base for a very rough estimate of the sugar traffic through the 
Panama Canal. The movement of sugar through the Panama Canal 
in both directions comprised a fairly stable percentage of the world 
sugar exports—between 12 and 13 percent—in both the prewar 
period 1935-37 and the recent postwar period 1953-56. On the 
assumption that this relationship will continue in the future, it may 
be roughly estimated that the movement of sugar through the Panama 
Canal will be about 2.3 million metric tons in 1965 and about 2.9 
million tons in 1975. 

There is no question that this appraisal must be regarded as only 
approximate, but it may be a useful check for more detailed appraisals 
by separate important flows. It may be added from the analysis 
in the preceding section that the expected global movement through 
the Panama Canal must be more evenly divided between the two 
directions than it was in the previous years. 


DETAILED ESTIMATES OF MOVEMENT OF SUGAR FROM PACIFIC 
TO ATLANTIC 


The principal movement of sugar in this direction, from the Philip- 
pines to the east coast of the United States, must be regarded also as 
the most stable. It will not increase with the growth of U.S. require- 
ments in sugar since, according to the United States Sugar Act of 


4 Data for 1937-38 and 1953-54 are from Licht’s “Zuckerjahrbuch,”’ 1954-55, pp. 374-375; for 1955 consump- 
ture 


tion, from ‘‘Pocket Sugar Year Book,’’ 1956, p. 110, data on exports, “Foreign 


Circular,” Aug. 5, 
1957 (U.S. Department of Agriculture). 
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1948, as amended, the Philippine quota is fixed at an absolute quantity 
of about 890,000 metric tons (raw value). There is also no reason 
for it. to be revised in the near future, since it was left without change 
during the,1956 revision while other quotas were raised in varying 
degrees. 

ere is also no reason to expect that. the Philippines will not be 
filling its quota, since its preferential position, even as compared with 
Cuban sugar, will continue up to 1974, although on a somewhat de- 
creasing scale. Furthermore, even after July 4, 1974, when Philip- 
pine sugar has to pay. the full duty, the American market may remain 
advantageous for Philippine sugar if the United States continues the 
present administration’s policy of maintaining the domestic price of 
sugar on a level above the world price by substantially more than 
the present duty on sugar. And this policy appears now to have 
become fairly well established during recent years. 

Consequently, it may be expected that the movement of Philippine 
sugar to the United States will continue at a stable level of about 
890,000 metric tons, and that this sugar, at least the raw sugar, will 
move to the east coast, since the American refinery industry is located 
there. The one refinery near San Francisco processes only Hawaiian 
sugar. Not all of this sugar moves through the Panama Canal. It 
is expected that canal shipments will remain at a level typical of re- 
cent years, which is about 750,000 long tons. Direct consumption 
sugar admitted in quantity not exceeding 50,000 metric tons may move 
also to the west coast of the United States. To the extent that this 
occurs, the flow through the Panama Canal will be reduced. 

Hawaiian sugar may also continue its movement to the east coast of 
the United States at the present level or.even at a slowly rising trend, 
To appraise this possible trend it is necessary to analyze the require- 
ments for sugar in continental United States. 

Per capita consumption of sugar in the United States remained 
nearly constant at 97 pounds of refined sugar during 1952-56, and this 
corresponds to the prewar (1935-39) level. For this reason it may be 
assumed that the per capita consumption of sugar will remain un- 
changed also during the next decade or two, and the growth of re- 
quirements will reflect the growth of population. 

Assuming the growth of population in the United States as projected 
by Stanford Research Institute, we obtain the following series for the 


future popalebon (in millions) and for the sugar requirements (in 
short tons) based on the growth of population: 


millions o 






a millions... 
Total sugar réquiyemment... 020i cas A million short tons__ 





Under the U.S. Sugar Act. in its present form, the share of Hawaiian 
sugar slowly decreases with the increase of the total requirement for 
sugar, while the share of mainland beet inereases.. Taken. together 
the quotas of these two areas supplying sugar to the western part of 
the United States represent, however, a fairly stable percentage of 
the total U.S,.requirement.. The sugar supply in the western half of 
the United States is maintained, thus, according to the, present legis- 
lation, in proportion to the growth of the total requirement. 
57677—60-——17 
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At the'same time, the shares of Cuban and Philippine sugar, coveri 
the requirements of the eastern half of the United States, are gradually 
declining. This decline is compensated by a relatively rapid increase 
of the quotas of mainland cane and of other foreign suppliers (particu- 
larly Peru, Dominican Republic, and Mexico). Consequently, the 
share of the areas supplying sugar in the eastern half of the United 
States also is maintained at a constant proportion, ‘However, the 
share of Cuba, the most’ reliable and elastic supplier of sugar to the 
United States, is decreasing. This’ can create a situation in the 
eastern market, that in certain periods the price of raw sugar on the 
east coast may stimulate Hawaiian sugar to move’ there. -'Conse- 
quently, it may be expected that in’ the future Hawaiian sugar will 
continue to move to the east coast using the Panama route, in spite 
of the fact that the population in the West will increase more rapidly 
than in the East. In certain circumstances, under the’ influence of 
the market situation for raw sugar on the éast coast, this movement 
may be even heavier than now. The average movement in recent 
years was about 270,000 long tons, and the future average should be 
at about this level. 

In this connection, it may be said also that the quota of Peru in 
the U.S. market will increase rapidly with the growth of requirements, 
prs hare to the amended act. With the total requirements as 
estimated for 1965 and 1975, Peru’s quota will approach, respectively, 
80,000 and 150,000 metric tons. us, sugar will move to the east 
coast to compensate for the decreasing share of Cuba and the ae 
pines. However, there is a preliminary condition for increasing the 
import quota of the Peruvian sugar to the United States: it must 
join the International Sugar Agreement if it is to continue in its 
present form. 

On the other hand, it hardly can be expected that the movement of 
Peruvian sugar to Europe increase significantly above the level 
reached in 1956-57 (around 120,000 tons). Total sugar requirements 
of Europe will increase more slowly than in other continents, and 
the major British market will be reserved in increasing proportion to 
Commonwealth sugar. 

This may be compensated to a certain extent by increased exports 
of Peruvian sugar to the Middle East, which were relatively small 
during 1954-57. But there it has to compete with exports of British 
refined sugar and exports of Asian exporters and of the Soviet satellites 
(Czechoslovakia and Poland). 

The movement of Australasian sugar to the east coast of Canada 
may increase in proportion to the increase of the Canadian requirement 
for sugar, which will reflect the growth of the Canadian population. 
The per capita consumption of sugar has not increased in Canada 
from the prewar level, but the future growth of population is estimated 
at a relatively high rate. Consequently, the Canadian sugar require- 
ment may increase from the 1955 level by 15 percent in 1965 and by 
30 percent in 1975, and the movement of Australasian sugar may 
increase from around 100,000 metric tons in 1955 to 115,000 tons in 
1965 and 130,000 tons in 1975. 

The movement of Australasian sugar to the British Isles through 
the Panama Canal will probably grow slowly, reflecting the growth 
of the total exports of Australian sugar to Great Britain. 
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DETAILED ESTIMATES OF MOVEMENT OF SUGAR FROM ATLANTIC TO 
PACIFIC 


Japan is the major destination of sugar passing through the Panama 
Canal from Atlantic to Pacific, and her future requirements for sugar 
will determine to a great extent the future movement of sugar in: this 
direction; : 

Future requirements of Japan depend not only on the growth of 
her population but also on a substantial increase of the per capita 
consumption, of sugar. Total Japanese imports of: sugar averaged 
1,060,000. metric tons during 1953-56, bringing Japan’s total consump- 
tion of sugar to about the prewar level, but the per capita consumption 
was 11 pounds in 1953-54 and 1954-55, against a 14-pound average. 
for 1934-38-21 percent. below. the: préwar level.’ This. situation 
resulted from: the necessity of restricting sugar imports. It may be 
expected’ that without such restriction the per capita consumption 
of sugar in Japan would rapidly return to the prewar level and would 
exceed it, as in other countries with a moderate level of per capita 
consumption, 

On the assumption that the future development of the Japanese 
balance of payments will permit. her to liberalize the licensing of 
imports of sugar, it may be e ted that the rate of growth of the 
Japanese sugar requirement will be higher: than the average for the 
world, At the rate of growth of 1 percent in per capita consumption, 
the prewar level will not. be recovered by 1965 and: only slightly 
exceeded by 1975. It is assumed, therefore, that the per capita con- 
sumption will increase in Japan at least 1.5 percent annually. | Accept- 
ing the growth of the Japanese oe at the medium assumption,"* 
the following tabulation is obtained) for. the growth of population 
and the sugar requirement in Japan: 


As the Japanese sugar production is insignificant in comparison 
with the requirement, it may be assumed that the requirement for 
pnb Ae inerease in the same proportion as the total requirement, 

will be approximately as follows (in thousands of metzic tons): 


It must be ‘noted that even with such a rapid gore of sugar im-. 
ap 


ports, the per capita sugar consumption of the anese population 
in 1965 would still be below the prerar level, and in 1975 only slightly 
exceed it. Consequently, the above estimate of Japanese sugar im- 
ports may be regarded as a conservative one. However, uncertainty 
with regard to the future Japanese balance of payments requires a 
conservative estimate. 


¥ United Nations Statistical Yearbook, 1956, p. 305, 
“ United Nations, Proceedings of the World Population Conference, 1954, vol. ITI, 
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From the preceding section, we know that during 1953-56 half of 
the total Japanese imports consisted of sugar that was shipped 
through the Panama Canal and the other half was supplied by prin- 
cipal Asiatic exporters, as well as by Australia and Peru. 

If this distribution ‘persists, it may be e ted that the traffic 
of sugar through the emt Canal destined for Japan’ will reach 
700,000 metric tons in 1965, and 900,000 metric tons in 1975. The 

uantity estimated for 1965 is really below the actual movement for 


that destination in the 1957 fiscal year; when Cuba shipped an un- 


precedentedly large quantity of sugar to Japan. Consequently, the 
supply of West Indian sugar may assure greater exports to Japan. 

On the other hand, Taiwan and Indonesia are also in a position to 
supply their increased part of the 1965 total. It would really be not 
much larger than their actual exports to Japan in 1954 and is within 
the limit of their quotas in the ‘Internation Sugar Agreement." 

It is more difficult tospeak about the further daiubgeniia of exports 
of sugar from Taiwan and Indonesia and development up to 1975, 
even assuming that their political situation will remain satisfactory, 
In both these countries sugar competes for land with rice, required 
for the food of the population. This relates particularly to Java with 
its enormous population. With increased requirements for rice, the 
opportunity for expansion of the production of sugar will grow nar- 
rower. Furthermore, improved prices for rice make competition for 
sugarcane more difficult. The Paiwan Government was obliged ‘to 
subsidize sugarcane production in order to keep her sugar industry 


busy. 
With the world price of sugar within the limits established as a 


goal to be maintained by the International Sugar Agreement (3.15 to 
4 cents per pound), exports of Indonesian sugar are considered by such 
an authority as the Governor ™ of the Bank of Indonesia as not 
covering the cost of production.. Consequently, an expansion of sugar 
exports from Indonesia may be limited also by the price situation. 

owever, the Japanese market is ee also by Peru, Australia, 
and the Philippines. The last two will always Ao er to supply their 
sugar to the British Commonwealth and the Uni 
tively; and in addition to this, the Philippine quota in the free world 
pet is a es to 25,000 vy tons. ee = a kre 
producer of sugar and may expand its exports to Ja eyond the 
record established in 1954 (114,000 metric tons). This ie, capecially 
so if Peru continues to stay outside the International Sugar Agreement 
and consequently is prevented from enjoying the increased quota/in 
the United States, according to the US. g ar Act as revised in 1956, 
and if Cuba continues to export quantities of sugar to Chile. It 
appears, thus, that the Japanese market may remain competitive even 
if the sugar supplies of the principal Asiatic exporters do not grow in 
proportion to the growth of Japanese requirements. But it is not 

17 On the assumption that Indonesia joins the Agreemen: 
,”” Feb. 25, 1957, pp. 18-19 


International Seaee t. 
18 See his report for the year ended Mar. 31, 1956. Internati Sugar Council, “ Contents of Summary 
of Press Reports b é ’ 


nited States, respec- 
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excluded that exports of West Indian sugar'to Japan may exceed 
700,000 tons in 1965 and 900,000 tons in 1975, because of insufficient 
supplies of Asiatic exporters. 

uban sugar exports to Chile averaged about 60,000 metric tons 
during 1953-1956. In some ‘years they were much larger, as, for 
instance, in 1951 (117,000 metric tons). But this was at the cost of 
imports from Peru. During 1953-56, Peru exported to Chile, on the 
average, about 160,000 metric tons. Presumably it is the policy of 
the Chilean Government to maintain diversified sources for its sugar 
imports. 

The consumption of sugar in Chile increased from the prewar time 
(1937-38) in chek the same proportion as did the total world con- 
sumption. It may continue to grow further in the same proportion. 
Consequently, on the assumption that the share of Cuban sugar in the 
Chilean market will remain the same, it may be expected that Cuban 
exports to Chile will reach 75,000 tons in 1965 and 90,000 tons in 1975. 

As to other present movements of sugar through the Panama Canal 
from Atlantic to Pacific, they are of small importance or are irregular. 

Movement of sugar to Korea from the east coast of the United 
States probably will continue as long as the United States bears 
political responsibility for that area. The same may be said also 
about shipments to Korea of West Indian sugar from the Dominican 
Republic and Haiti, which were probably financed with the assistance 
of the United States. Generally speaking, the total Korean require- 
ment for sugar probably will grow no more slowly than the total world 
requirement, and consequently Korea’s imports from the present level 
of 60,000 to 70,000 metric tons may increase to 80,000 tons in 1965 
and reach 100,000 tons in 1975. However, with increasing financial 
independence of the Korean Government, probably about half of these 
imports will be covered by Asiatic exporters and the shipments to that 
destination through the Panama Canal will not exceed half of the total 
Korean imports. 

The possible requirements of the China mainland for imports of 
sugar from the Western Hemisphere are unpredictable. At the present 
time Communist China is caokine an effort to expand its own sugar 
industry by construction of some 22 new sugar factories. Twelve 
of them are reportedly completed, and it is claimed that with the 
completion of all 22, the output of centrifugal sugar in mainland China 
will be double the 1955-56 level.’ This indicates that China is trying 
to become self-sufficient in sugar, and for the time being will probably 
continue to import sugar from the countries of the Communist bloc 
and the Asiatic neutrals. Possible political changes and their effects 
upon the Chinese sugar policies are, of course, unpredictable. 

The same must be said also concerning the Soviet imports of West 
Indian sugar to its far eastern area. 


” Foreign Agriculture Circular (U.S. Department of Agriculture), Feb. 18, 1957, p. 4. 
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The foregoing estimates of future sugar shipments through the 
Panama Canal are summarized in table VII-1. 


TasLe VII—1.—Estimates of future sugar shipments through the Panama. Canal 
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SECTION, VIII 
WHEAT ' 
(By William Bredo) 
CURRENT CONDITIONS 


Assessment of the long-term movement of wheat and wheat flour? 
through the Panama Canal must be made at this time against a back- 
ground of decade-long conditions of abnormal stocks and high produc+ 
tion in relation to world requirements for wheat. The imbalance of 
wheat supplies in warehouses of the major exporting countries— 
Canada, United States, Australia, and Argentina—contrasted with the 
requirements of the importing countries, has been unprecedented. 
Annual carryover of these four countries reached what was then con- 
sidered an excessively high peak of nearly 50 percent of normal annual 
requirements—exports and domestic consumption—during the early 
1930’s. In recent years, the carryover reached 50 million long tons, 
more than double the normal annual requirements. The question is 
how the present wheat situation will work itself out and how future 
trade through the Panama Canal will be affected. 


The bulk of excess stocks is held in North America, primarily in the 
United States and to a somewhat lesser mopree in Canada. he ex- 


pansion of surpluses originated in the World War II period, when the 
object was to maintain adequate reserves to meet emergencies as well 
as immediate food and feed needs. During 1945-48, the need for 
large-scale support to the war-ravaged nations impelled the United 
States and other members of the United Nations to undertake assist- 
ance through the UNNRA program to overcome the threat of food 
shortages. Over the same period, shipments for the relief of civilian 
populations of the defeated countries reached significant proportions. 

hese programs were followed in the United States by foreign aid 
and agricultural surplus disposal programs, of which the latest is the 
agricultural trade development and assistance program of 1954 (Public 
Law 480, amended, 83d Cong.). 

It is generally agreed that the price support pro of the United 
States, instituted as a wartime policy, have provided the stimulus for 
expanding wheat acreage, production, and excess stocks in the post- 
war years. Wheat prices to growers in the United States in this 
period have always exceeded the prices received by producers in 
Canada and in the other major exporting countries. Acreage reduc- 
tion programs have since been introduced by the Big Four exporters 
to reduce the extraordinarily high cost of carrying excessive surpluses. 
In the United States, for example, wheat acreage has been reduced 
from 80 million to 50 million since the war by maintaining the induce- 
wn es iat een ea eens wh Ero Haire rng ae 

* In this discussion, reference to trade in wheat also includes wheat flour. 
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ment of high support prices to growers. Still, the previous high peaks 
of production are being maintained, essentially because farm produc- 
tivity is being raised through the use of specialized machinery and 
other technological improvements, including new varieties, and greater 
use of fertilizers and pesticides. Technological advances have, in 
fact, had an impact of significant proportions upon the wheat economy 
of all the advanced countries in raising yields per acre.* 


PREWAR AND POSTWAR MOVEMENT OF WHEAT THROUGH THE PANAMA 
CANAL 


Between the prewar (1930-39) and the postwar (1948-57) periods, 
wheat movement through the Panama Canal increased at a much 
greater rate than total canal traffic. While total traffic increased 
only 12 percent, wheat. traffic rose 20 percent, from 1,552,000 long 
tons to 1,869,000 long tons.. (See table VIII-1.) 


Taste VIII-1.—Annual average movement of wheat and wheat flour through the 
Panama Canal, by origin and destination, fiscal years 1930-39 and 1948-57 


[Thousands of long tons] 


Destination 


_ 


Europe | Africa 


t East coast South America. 

2 West coast South America. 

3 West coast Central America and Mexico. 
4 Kast.coast Central America and Mexico. 
5 Not available, 


Source: Panama Canal Company reports. 


Wheat traffic via the Panama Canal has remained 6 to 7 percent of 
total shipments of wheat in world trade during the prewar and postwar 
decades. Over ‘the past 30 years, Panama Canal seaborne cargo 
traffic has averaged 5 to 6 percent of total world trade in commodities. 

8 In the United States a yield increase of 4 bushels, or about one-third, has been estimated over the past 
20-year period. On the assumption that conditions of high employment will continue to ai a ed 


world, with price relationships favorable to large capital investments in agriculture, it may 
that the trend of rising wheat yields per acre will persist into the future. 
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Practically all movement of wheat through the canal originates from 
the four major exporters—the United States, Canada, Australia, and 
Argentina. Of the average of 21.9 million long tons exported by these 
countries during 1951-55, 1.9 million long tons, or 9 percent, moved 
through the canal. In assessing the eyegeore for future movements 
through the canal, shipments by the Big our wheat exporting coun- 
tries should os Heo be given, major consideration. However, 
shipments by Australia and Argentina were only 1 percent of the 
volume of wheat moved through the canal in the last decade (1948-57) 
and even less during the prewar decade, whereas these countries 
supplied 20 percent of the wheat exported by the Big Four. Canadian 
shipments accounted for three-fourths of all Panama Canal wheat 
shipments both before and after the war, though Canadian exports 
represented only about 40 percent of Big Four exports in recent years. 

he pattern of movement through the canal has been very similar in 
the prewar and the postwar dacelae, in direction, origin, and destina- 
tion. (See table VIII-1.) The vast bulk of the traffic is from the 
Pacific to the Atlantic; westbound traffic was only 7 percent of the 
total in the last decade, though this is believed to be temporarily low. 

The dominant routes in the eastbound movement are from the west 
coast of Canada and the Uaited States to Europe, Africa, Asia, and the 
east’ coast of South America and from Australia to Europe. The 
limited westbound traffic has moved, to the west coast of South 
America and to Asia, originating primarily in the gulf ports of the 
United States. The wheat traffic originating elsewhere than. from 
the Big Four exporters is an eastbound movement accounting for 
only about 1 percent of the total. 

he explanation for the movement pattern of traffic through the 
Panama Canal is to be found in the economics of freight rates, traffic 
origins, and traffic destinations. Movements through the, canal 
consist of traffic originating from and shipping into ports on the 
Atlantic and Pacific Sine, extending on the west approximately to 
a north and south line through the Philippines (including nearly all of 
Australia, Formosa, the coast of China, Korea, and all of Japan) 
and reaching east to a north and south line, approximately at the 
Suez Canal, including all European ports and all African ports except 
those on the east coast. The four major wheat exporting nations are 
located in this area, but it is more economical to ship most wheat 
directly from these countries to wheat-importing nations, so that onl 
a fraction of their total exports are moved through the Panama oo 


FACTORS DETERMINING FUTURE TRADE IN WHEAT 


_ Since the vast bulk of the wheat traffic through the canal originates 
in Canada and the United States and moves eastward, the analysis 
is focused on this movement. 


World imbalance of production, consumption, and stocks 


Looking ahead, the important question is whether and to what 
extent Canada and the United States will continue to be surplus 
wheatproducing nations. The answer will be determined by the 
future trends in wheat consumption, by the competitive position of 
wheatgrowing lands in these countries, and by the farm policies of 
their governments. 
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Turning to the last of these issues first, it is clear that the Goveérn- 
méfits of the United States and Canada have 'a large measure of 
responsibility for’ the imbalance in ‘the world wheat economy today, 
as evidenced by the huge stocks of wheat in storage'in these countries, 
Yet Canadian wheat prices have beén kept‘at levels far less favorable 
to growers than prices ‘in the United States in recent years. The 
large stocks held’ in these two countries have necessitated marketi 
quotas, which have been supplemented in ‘the United States: by 
restrictive acreage allotments and payments for diversion of land to 
the soil bank. 3 

The necessity to maintain large wartime stocks for meeting domestic 
needs and to feed our allies was the incentive for the price’ support 
programs which have been retained into the postwar period. Initially, 
these stocks were used to rehabilitate the war-torn countries and, more 
recently, to assist in a underdéveloped countries. However 
for many years now they have stood at abnormally high levels, an 
have imposed a serious burden in the form of storage costs, high sup- 
port prices, and the need for devising and operating foreign surplus 
disposal programs that have been called “dumping” by competing 
wheat-exporting nations. 

The International Wheat Agreement was signed in 1949 between 
the four wheat-exporting countries—the United States, Canada, Aus- 
tralia, and France—and 42 importing nations to regulate world trade 
in wheat by establishing minimum buying ‘and selling quotas’ and 
maximum and minimum prices. The agreement has since been re- 
néwed in 1953 and 1956. When it was renewed in 1953, the United 
Kingdom did not become a signatory as the maximum price was 
considered too high. rae and Sweden joined’ as exporting 
nations in 1956. The sales quota established in 1956 for the six 
exporters signing the agreement was 8,244,000 metric tons, less than 
one-third of total current wheat exports. 

It does not appear at this stage that the International Wheat Agree- 
ment has been instrumental in changing significantly the volume and 
routing of wheat traded internationally. Nor does there seem any 
prospect of a change in the character of the International Wheat 
ay which would significantly affect traffic through the Panama 

anal. 

However, attention should be drawn to one possible future exigency. 
The heavily subsidized wheat exports of the United States to under- 
developed countries under the authority of Public Law 480, as well as 
outright grants-in-aid, undoubtedly have had an adverse effect on the 
sales of competing exporting nations. There is a remote chance that 
a substantial reduction of wheat stocks can be obtained soon in the 
United States which would permit dropping this policy. 


Production and consumption trends of major exporting nations 


Reduction of acreage in recent years, undertaken because of the 
accumulation of large wheat stocks, has been a common experience 
in the major exporting nations, but. the long-term trends in the poten 

lanted to wheat have been divergent in these countries. Since the 
ate 1920’s, wheat acreage has shown a steady downward trend in 
Australia and Argentina; but the adoption of modern production 
practices, by raising acre yields, has maintained production at fairly 
stable levels. Variations in Canadian wheat acreage have been 
relatively small and at about the same level over the last 30 years. 


Pg as te an - 
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Though favorable weather | was! undoubtedly an important cause. of 
the large wre mar, of recent years, improved technology must have 
been a contributing factor in — yields to a permanehtly higher 
point, - In the United States, ia rise in: wheat yields is: indicated 
more clearly. than in the Canadian experience, and this, plus high war 
and postwar acreages, has resulted in high American wheat production 
and stocks. 0 9%: 

Experience in. the higher income countries has shown that, the per 
capita consumption of wheat as a food declines with ‘rising incomes, 
since people are induced to shift diets to animal products.and to fresh 
fruits and vegetables. Considering all. domestic uses of: wheat, for 
food, for feed, and seed, statistics indicate an unmistakably sh 
downward trend in the five important exporting countries, Uni 
States, Canada, Australia, Argentina, and France, and there is good 
reason to expect that the trend will continue. 

In view of the foregoing consumption and oe trends, the 
question remains what future developments will be in the quantity of 
wheat available for export from the four major exporters. Past growth 
in exports is shown in table VIII-2. 


Taste VIII-2.—World exports of wheat and wheat flour, by major exporting coun- 
tries and other countries, annual averages for selected Po 1909-56 


[Thousands of long tons] 


to | 1925-26 to | 1984-35 to | 1945-46 to | 1951-52 to 
1929-30 955-56 


Source: U.S. De ent of Agriculture, ‘‘International Trade in Bread and Coarse Grains—World 
Exports by Coun of Origin and Destination,’’ FAS-M-~-22 table 37, Washington, D.C., July 1957, p. 33. 


The long-term trends for rising yields and declining per capita 
consumption may be expected to offset the effects of population 
growth in these countries for some time to come. Even at signifi- 
cantly lower prices, wheat production in the major exporting nations 
would remain competitive with other opportunities open to farmers, 
and large outputs could be expected even if prices fall. The quan- 
tities of exportable wheat. available from. these countries can be main- 
tained at high levels in the future. In other words, there is not likely 
to be a problem in supplying the bulk of the wheat needed in the world 
during the latter part of this conten tages the wheatfields of the 
major mparting nations of today. uction in these countries 
has shown i so responsive in meeting sharp fluctuations in con- 
sumption in the past, and the application of new technology is so 
dynamic, that output could be expected to respond adequately to the 
probable long-term growth,in wheat requirements. 

The long-term mark :t for wheat in Europe 


For the bulk of its wheat deficit, the European market has long 
been dependent upon the Big Four wheat’ exporters, since the export 
surpluses of France and Sweden and of minor suppliers meet only a 
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fraction of the quantities needed. The European market absorbed 
an annual average of 14.6 million long tons during the 1951-55 crop 
year period, of which the buyers of wheat requiring in excess of a 
million tons annually were the United: Kingdom, Western Germany, 
Italy, Yugoslavia, and the Netherlands. Imports of these countries 
amounted to more than half the total. 

The Big Four shipped an average of 11.4 million long tons to Western 
Europe annually in these 5 years, nearly 80 percent of total imports. 
(See table VIII-3.) Western Europe net imports of wheat during 
the past decade have averaged the same as in the decade of the 1930's 
after accounting for inter-European trade in wheat. 


Tasize VIII—3.— Average annual exports of wheat and wheat flour, by major exporters, 
to continents of destination, period 1951-52 to 1955-56 


(Thousands of long tons] 


Country of origin 


Source: U.S. Department of Agriculture, ‘International Trade in Bread and Coarse Grains—World 
Exports by Countries of Origin and Destination,” Washington, D.C., July 1957. 


Trends in acreage, yields, per capita consumption, and population 
throw light on the forces which will influence future net imports into 
Western Europe. (See table ITV-4.) Wheat production has risen 
steadily since World War I, principally because of the dynamic tend- 
ency for yields to increase, since the acreage sown to wheat has con- 
tinued to remain stable. Though an increasing supply of domestic 
wheat has become available to the European economy, Jog-tienns net 
imports into Europe have remained unchanged. Thus, increases in 
domestic utilization of wheat in Europe have been satisfied primarily 
by yield improvements made possible by modern technology. 

he total wheat utilization trends in Western Europe are compli- 
cated by the effects on consumption of different income levels in the 
various countries. Wheat consumption per capita is declining in the 
United Kingdom, the Benelux countries, Switzerland, and Scandi- 
navia, while rising trends continue to prevail in Germany and in the 
lower income countries. The quantity of wheat used for feed has 
been falling off in Europe, as it has in North America. While the 
per capita utilization of wheat in Europe as a whole has remained 
comparatively stable, the prospects are that rising incomes will in 
time produce declining wheat consumption rates. It follows that 
wheat requirements in the future will probably not rise as fast as 
the population will increase. Projection of requirements and domes- 
tic production leads to the conclusion that total imports of wheat 
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and wheat flour into Europe in the period under discussion will remain 


approximately at the level prevailing in recent years—about 14.8 
seiicen long tons. 


Long-term shipments of wheat to Asia 

Exports of wheat. to the Asian countries (excluding China) have 
averaged 6 million long tons annually during 1951-55, of which all 
except 0.5 million long tons originated with the Big Four wheat 
exporters. This represented a large long-term increase in wheat im- 
ports by the Asian countries. It is estimated that of the increase in 
total net world imports of wheat of 6.4 million long tons between the 
decade of the 1930’s and the last decade, 5 million long tons were 
accounted for by the free Asian countries. This is a Pack of far- 
reaching significance when the reasons are considered. On the pro- 
duction side it is to be noted that output in these countries rose only 
about 1.4 percent between 1935-39 and 1950-54, to a total of 23.6 
million long tons, ascribable essentially to, additional acreage planted. 
Minor progress can be recorded in raising yields by adopting tech- 
nological innovations. (See table VIII_-4.) 


Taste VIII-4.—Acreage and production of wheat, by continents and selected coun 
tries, 1985-89, 1945-49, and 1950-54 


Acreage (thousands of acres) Production (thousands of long tons) 


RS 
& §8 


Western Europe 
Eastern Europe (exclud- 
ing U.8.S8.R.)_......-... 


SEBR-BBSE 
SESz2RS8E 
BupperSSaR SS 
SEZS8S328 FS 


i 
Source: U.S. Department of Agriculture, ““The Wheat Situation,” October 1955 and October 1957. 


_ It cannot be construed that per capita consumption in Asia has 
increased materially. On the contrary, while there is in general a 
long-term trend in shifting the diet from rice to wheat in the Asian 
countries, the evidence is that this process has been slow. ‘There are 
some outstanding exceptions resulting from the high price and 
shortages of rice during World War II and postwar period. A heavy 
shift toward wheat consumption occurred in Ceylon during the war. 
The trend was sharply accelerated in Japan for the same reason 
during the postwar occupation. Aside from these experiences, it may 
be said that the rising demand for imports of wheat m the free Asian 
countries is attributeble primariy to the growth of populations. 
Besides the population factor, in the long run, rising incomes and 
more favorable wheat prices—in relation to rice prices—may en- 
ae some speeding up in the substitution of wheat for rice in the 
diet of the Asian peoples. Political conditions and failure to expand 
yields and acreage have militated against the expansion of rice pro- 
duction over the past three decades in the Asian countries, while the 
rapid growth of populations has increased the demand for rice. Rice 
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prices have consequently ‘risen relatively) much more than wheat 

rices, resulting in the stimulation of wheat imports. Such imports 
es been Parra by the U.S. aid programs and by barter 
agreements and grants from other countries, , This trend in relatively 
unfavorable rice prices will probably continue 

An indication of the long-term demand for wheat in Asia may be 
obtained by considering the extent to which rapid population growth 
has already been responsible for large imports and the potential 
significance of this factor in the future. Setting aside the possible 
further shift from rice to wheat in the diet and considering the increase 
of population alone, this factor could have tremendous implications 
upon the world market for wheat. The “medium” United Nations 
population projections of 1954 show a population increase of 438 
rail ion, or 50 percent in all of Asia, excluding China, between 1955 
and 1980. This would be equivalent to additional wheat require- 
ments exceeding 14 million long tons. 

The question is where additional quantities of wheat for this rising 
population are to come from, Conceivably, the new programs for 
raising farm output by the adoption of better seeds and improved 

ractices will take hold in the near future in Asia and will. result in 
higher acre yields. Land reclamation programs may be ores also 
to add new wheat acreages to the farm economy. Whil e these efforts 
will have the effect of making the Asian countries more self-sufficient, 
the problem of supplying the large additional supplies to meet the 


projected population explosion is so vast that large imports from the 
wheat-exporting countries will have to be counted upon. China has 
to a substantial degree withdrawn from the world wheat market, but 


it may be expected that economic pressure could force this nation to 
ares! itself of wheat from the world market in the not too distant 
uture. 

By projecting a modest annual increase in production resulting from 
larger acreages and rising yields over time, and making allowance for 
the explosive growth of populations in Asi pecene hina), imports 
of wheat are estimated at a level of 14.2 million long tons near the end 
of this century, which is equivalent to the imports,of Western Turppe. 
(See table VIII-4.) To facilitate the analysis, the continent is divided 
into two parts: (1) western and south-central Asia and (2) eastern and 
southeast Asia. In western and south-central Asia, there is already a 
very large wheat ac from which production can be ine in 
the future. In the Middle Eastern countries, substantial exports may 
also be anticipated in the future to supply nearby deficit countries in 
Africa and Asia. Imports by this oe are projected at 5.9 million 
long tons. In the eastern and southeast Asian, countries, domestic 
production of wheat is a minor factor in, total requirements. Import 
requirements have been rising very rapidly in this region in the past 
two decades, and are projected to a level of 8.2 million long tons. 
Long-term shipments of wheat to Africa 

Wheat imports of the African countries averaged 1.5 million long 
tons annually during the 1951-55 period, of which 72 percent came 
from the Big Four exporters. (See table VITI-3.) Production and 
imports totaled 6.4 million long tons. Acreage in wheat, increased 
materially in the early 1950’s to 16.5 million, a growth of 2.7 million 
over the average of the previous two decades,, (See, table VIII-4+,) 
The French north African countries of Algeria, Morocco, and Tunisia 
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ate major surplus wheat-growing areas, and Egypt and the Union of 
South Africa are the principal wheat importers, _ Wheat acreage has 
remained stable in: Egypt since World War I, but there has been some 
upward trend in the Union of South Africa. Yields have risen sharply 
in both countries... But increases in per capita consumption and popu- 
lation in both countries have required growing imports of wheat. The 
French north African countries still are s wheat. producers, with 
rising acreages and yields per acre, and these dynamic strengths in 
production may be expected to result in wheat surpluses for some time 
to come in spite of their own increasing per capita consumption and 
growing populations. 

The economies of many of the middle African countries are still in 
a — where wheat is not yet part of the diet or is consumed in very 
small quantities. However, these economies are in a state of change 
and it may be anveigstes that. wheat, which tends to be a preferred 
commodity at rising low-income levels, will gradually become a more 
important part of the diet, Import requirements will probably remain 


at rather modest levels, partly because per capita consumption is 
likely to be low and partly because projected population growth is 
modest also. Taking into account the dynamic upward trend in 
wheat production in northern and southern Africa, it may be concluded 
that net imports by nations of this continent will remain comparatively 
small. Total wheat imports are projected at 3.3 million long tons 
annually in the latter part of the century. (See table VIII-—5.) 


Taste VIII—5.—Projected pattern of world imports of wheat and wheat flour, 1975 


Source: Stanford Research Institute. 


Long-term shipments of wheat to South America 

Wheat production in the South American countries averaged 8.2 
million long tons (1950-54). Exports originate ae in Argen- 
tina, one of the world’s major wheat exporters, but sm uantities 
are reported from Uruguay. Total rts averaged 3.5 million lon 
tons arinually during 1953-55, somewhat higher than the average o 
the postwar period. Total imports averaged 2.5 million tons an- 
nually in the period 1951-55, indicating a net export surplus of about 
1 million tons annually for South America’ as a whole. 

As a major exporter, the position of Argentina is significant in the 
South American trade becausé of close proximity ‘to Brazil ‘and’ the 
smaller importing countries. Wheat acreage has exhibited a longtime 
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downward trend, but rising yields have maintained production levels, 
Still, the earlier promise that Argentina would become proportionately 
a@ more important exporter of wheat has not materialized. This is 
attributable largely to recent governmental policy, which has financed 
industrialization by depressing domestic wheat prices. Under a more 
favorable domestic pricing policy, and considering the tendency for 
wheat consumption per person to decline, it may be anticipated that 
Argentina could become a somewhat more significant exporter of 
wheat over the long run. 

While the market for wheat will continue to grow modestly on the 
west coast of South America, the greatest future growth may be 
expected in the countries on the east coast. Of a population growth 
of 71.8 million projected in tropical South America, 48:9 million is 
projected for Brazil, a nation with one of the fastest growing popula- 
tions in the ‘world, which will continue to be the major importer of 
wheat. Total imports of 5.4 million long tons annu is projected 
for the deficit nations in South America over the very long run. 


FUTURE PANAMA CANAL TRAFFIC IN WHEAT AND WHEAT FLOUR, BY ROUTES 


Having established the ability of the wheat-exporting nations to 
furnish large quantities in the future, and having projected the require- 
ments of the major importing areas, it remains to consider the probable 
trading patterns between exporters and importers and the extent to 
which wheat will be shipped through the Panama Canal. 


Traffic from west coast of North America to Europe 


Shipments from the west coast of Canada to Europe through the 
Panama Canal have always been significant, the amount depending 
on the size of the crop and shipping conditions. During 1951-55, 
these shipments constituted about 20 percent of total exports of 5.4 
million long tons to Europe. Late harvests in western Canada and the 
closing of the eastern ports to navigation in the winter months have 
been an important reason for this relatively heavy traffic. These 
factors will continue to be important in the future. A _ possible 
change in the size of this traffic could occur if the relative costs of 
shipping to the east or to the west of the Rocky Mountains were to 
change. At present the line of indifference between shipping to 
Vancouver or Port Arthur lies approximately at Swift Current in 
western Saskatchewan. While the opening of the St. Lawrence 
Seaway can conceivably reduce shipping costs to Europe, this route 
would still have to be closed during the winter months, when traffic 
would move through the Panama Canal. Traffic by the eastern 
routes might be expected to increase some during the warm months, 
but the change may not have any material significance on the volume 
of traffic moving through the canal. 

West coast American wheat, which is a soft wheat, is not usually 
directly competitive with Canadian Hard Red Spring wheat. Sup- 
plies of Northwestern White wheat have been strong in the postwar 
years largely because of a closing up of markets for this variety, but 
a oar y situation is approaching normality. ‘The nearby domestic 

eman 


for this wheat will probably continue to increase rapidly, so 
that less will remain for export, as a result of the heavy pepaaie 


growth associated with the industrialization of the West. The effects 
of this may be slow, for it may be noted that the Ay mathann of west 
coast American shipment to total wheat shipments to Europe through 
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the canal have remained nearly constant between 1930-39 and 1948- 
57. 

An important determining factor on the volume of movement via 
the Panama Canal could be the proportion of Canadian wheat enter- 
ing the international wheat market. Under more normal or more 
competitive ag conditions than those of recent years, Canadian 
exports would be a higher proportion of the total wheat export trade. 
This would be due to a relative decline in the U.S. exportable surplus 
in case artificially high price supports were abandoned. Shipments 
from the west coast of the United States to Europe through the 
Panama Canal were only about 4 percent of U.S. exports to Europe, 
compared with about 20 percent of Canadian shipments to Europe 
routed from the west coast. The significance for canal traffic of 
greater Canadian participation is therefore apparent (see table VIII- 
1). Whether U.S. wheat price support policy will be changed, so that 
the burden of such large surpluses can be alleviated, cannot be foreseen. 
Yet the costliness of this operation to the Government should even- 
tually make some impression so that by unilateral action or jointly 
with other nations this problem may eventually be tackled. 

It is, therefore, assumed in this analysis that a more normal rela- 
tionship in the quantities exported by the four major wheat exporters 
will prevail in the future. ile it is possible that Canada has some 
advantage over the United States in the amount that could enter 
the export market, it is assumed that each will supply 12 million long 
tons to the world markets, or 60 percent of total. world imports. 
Exports of Argentina and Australia have been projected at 5 million 
long tons each (see table VIII—5). Canadian exports to Europe 
have been projected at the annual level of 1951-55—namely, at 5.5 
million long tons; and exports from the United States are estimated 
just under the level of recent shipments, at 3.5 million long tons 
annually. Very little change in the volume of wheat shipments to 
Europe via the Panama Canal from the west coast of Canada and 
the United States is expected in the long run. 


Traffic from west coast of North America to Africa 

Shipments from the west coast of North America to African coun- 
tries are a new development of the last decade. The average annual 
traffic of 197,000 long tons is still small, but it poses the question 
whether future shipments might increase substantially (see table 
VIII-1). During the period 1951-55, shipments through the canal 
were 28 percent of total United States and Canadian exports to 
Africa—the proportion of Canadian transcanal cane to total 
exports being even higher (see tables VIII-1 and VIII-3). There is 
no basis on which a higher proportion of United States and Canadian 
exports to. Africa The expected to come from west coast ports in 
the future in competition with shipments from the east coast and gulf. 

Only a small increase in African net imports has been projected, of 
which less than half is expected to come From the United States and 
Canada. With the west coast supplying only a portion of this, the 
increase in Panama Canal traffic from this source will be small (see 
tables VIII—1 and VIII-6). 
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Ca 
[Thousands of long tons} 


Tasie VIII-6.—Projected movement hates er wheat flour through the Panama 


1 Not available. 
Source: Stanford Research Institute. 


Wheat traffic through the canal from North America to Asia 

Wheat traffic from North American ports to Asia via the Panama 
Canal is a relatively small movement compared with total exports to 
Asian countries from Canada and the United States, averaging only 
100,000 long tons annually compared with total exports of 4.2 million 
long tons during 1951-55 (see table VIII-3). erthrough the 


canal to Asian destinations was practically nil in the 1930’s. 

It was pointed out earlier that it is more economical to ship through 
the Panama Canal rather than through the Suez Canal, ihe on ‘the 
extremities of the Asian Continent—namely, to the Near Eastern 
countries bordering on the Mediterranean, such as Syria, Lebanon 
and Israel; and the Far East Asia countries both on the mainlan 
and in the islands. In addition, shipments through the canal from 
the gull rts must compete with shipments direct from the west coast 
of Canada and the United States; and shipments from the west coast 
through the canal necessarily compete with direct shipments from the 
east coast and gulf ports to the Middle Eastern countries. In view 
of this, west coast shipments to the Middle East are not likely to 
achieve much volume. With wheat production from Turkey, Syria, 
and North Africa growing rapidly, it may be expected that these 
countries will soon be able to satisfy most of the markets of the nearby 
west Asian countries over the competition of shipments through the 
Panama Canal. 

In contrast to the market for wheat in the Middle East, the market 
is potentially very large on the Far Eastern mainland and in Japan, 
the Philippines, and Indonesia. Shipments from the gulf ports to 
Asia may move on two main routes: (1) Via the Suez Canal to central, 
south, and southeastern Asia; and (2) via the Panama Canal to the 
nations of the Far East. ‘Traffic originating on the west coast can 
move competitively into both areas on the direct route. Thus, ship- 
ments to central, south, and southeastern Asia are roughly on a par 
competitively, whether moving directly from the west coast or from 
the eastern and gulf ports via the Suez Canal. 
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Gulf port shipments may be‘expected to have a growing place in 
the Far Eastern markets, in spite of being adversely located with 
respect to the west coast, because the future demand for a Hard Red 
wheat will probably be so large ‘that’ it cannot all be supplied by 
Canadian wheat from Vancouver. For this reason, the Toesteiesi 
movement of wheat from eastern and gulf ports via the Panama 
Canal to the Pacific area is expected gradually to grow in volume. 

Thus, the long-term projection of shipments through the Panama 
Canal introduces a major divergence from the pattern of the last 
decade, but it conforms with the long-term trend by increasing sub- 
stantially the shipments from the east coast and gulf ports to ‘the 
countries of east and southeast Asia. Canadian shipments from east 
coast ports may be expected to rise somewhat, but the biggest increase 
in shipments may be anticipated from the U.S. gulf ports. 


Wheat traffic through the canal to South America 

Statistics on Panama Canal traffic over the past 10 years show an 
average annual movement of 95,000. tons of wheat from the west 
coasts of the United States and Canada to the east coast of South 
America and the West Indies, and a movement of 96,000 tons in the 
opposite direction from the east and gulf ports to the west coast of 
South America. (See table VIII-1.) .A negligible amount of this 
traffic existed in the 1930’s. _ Present traffic on these routes represents 
about 10 percent of total North American exports to South America 
and the West Indies. 

A substantial portion of the recent traffic to, the west coast of South 
America is attributable to shipments of Hard Red wheat. to the wheat- 
deficit, Republics of the area under Public Law 480 and other aid 
pro , though some wheat has moved to these markets without 
such assistance. 

West-coast transcanal ee bound for the South American east 
coast are destined for the Colombian, Venezuelan, and particularly the 
Brazilian markets. It may be presumed that North American sales in 
this market in recent years have been larger than would normally have 
been the case, owing to the difficulties in Argentine agriculture de- 
scribed earlier. In the longer run Argentine and Uruguayan wheat 
will supply a larger proportion of imports than at present, as total 
needs of the region rise with population and per capita consumption. 
Nevertheless, for some time to come, canal traffic from North America 
to South American countries may be expected to increase somewhat 
but will remain at relatively modest proportions. 

Wheat traffic originating in Australia 

Only 1 percent of average annual Australian exports of 943,000 long 
tons to Europe moved via the Panama Canal during the 1951-55 
period into the only market where it is economical to use the Panama 
Canal route. (See table VIII-1.) The earlier analysis pointed up 
the large potential future wheat market in the Orient, a market to 
which Australia is already contributing a substantial volume. Con- 
sidering the proximity of Australia to the Asian and African market, 
it is reasonable to expect future surpluses to find an outlet in this area. 
There is less probability that exports to Europe will increase substan- 
tially. For these reasons, it is unlikely that Australian shipments of 
wheat via the Panama Canal will ever be more than a minor movement. 
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SUMMARY 


The results of the analysis and projection of shipments of wheat 
and wheat flour via the Panama Canal in about 1975 are summarized 
in table VIII-6. Total shipments are projected at 2,628,000 long tons 
annually. These shipments represent an increase of 759,000 long 
tons, or about 40 peroents over the average volume of the past 10-year 
period 1948-57. The average volume of this last decade is an increase 
of 20 percent since the decade of the 1930’s. 

Since the United States and Canadian shipments of wheat and wheat 
flour represent nearly all the shipments via the Panama Canal, a 
comparison of past with projected shipments in relation to total 
exports is in order. Projected shipments via the Panama Canal of 11 
percent of total exports from these two countries are nearly identical 
with the 10.6 percent of the last decade. 

In the 1930’s, shipments via the Panama Canal were about 25 
percent of total exports from Canada and the United States. The 
explanation of the difference in canal traffic in relation to total exports 
in the 1930’s compared with the recent and projected relationships is 
that Canadian exports were nearly three times larger than Us. 
exportes in the earlier period. Relatively high Canadian exports 
result in comparatively higher shipments through the Panama Canal. 
It is believed that the Canadian share of the export market was ab- 
normally large during the depression of the 1930’s. Under the 
conditions of prosperity assumed to exist during the latter part of this 
century for the purposes of the present projection, Canada and the 


United States are each assumed to export 30 percent of total world 


imports of wheat and wheat flour. This is in line with their approxi- 
mately equal contributions to total shipments in recent years and the 
longer term relationship of the past 30 years. 
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SECTION IX 


NITRATES AND AMMONIUM COMPOUNDS 
(By Neil T. Houston and S. A. Cogswell) 


Sodium nitrate from Chile has long been an important commodity 
in Panama Canal traffic and accounted for nearly all tonnage in the 
nitrates and ammonium compounds category during the 1930’s. 
Since World War IT, however, the tonnage of Chile nitrate has declined 
somewhat, and shipments of nitrates and ammonium compounds 
made synthetically have become a substantial factor in the traffic. 
These latter is ucts move largely from Atlantic to Pacific from 
Europe and the United States to less highly developed areas. The 
principal movements of nitrates and ammonium compounds through 
the canal since 1937 are shown in table IX-1, where the foregoing 
tendencies can easily be seen. 


Taste IX-1.—Movements of nitrates and ammonium compounds through the 
Panama Canal, fiscal years 1937-57 


(Thousands ef long tons] 


Route 1957 | 1956 | 1985 | 1954 | 1953 | 1952 | 1951 | 1950 | 1949 | 1948 | 1947 | 1930 | 1938 | 1937 


West coast of South Amer- 
ica to east coast of Uni | 
States 597| 
West coast of South Amer- 
ica to Europe 321) 361 


216) 311 


27 77 

Europe to west coast of | 
United States 23} 23} 
Europe to west coast of i 
South America 1 12 15 21 15 11} 
Europe to Australasia_.... 14 WwW il 7 8 9) 
All other routes.._........| 83] 162} 76} 72} 13) 41| 49) 








ere 


RON cotcncguinatnes 1, ee 1, 566}1, 371 Aa S6F)1, S78 1, 581) 








Sources: Panama Canal annual reports and statistical supplement to “ Forecast of Volume of Commer- 
cial Traffic Through the Panama Canal,’’ by Ebasco Services, Inc., 1954. 


OUTLOOK FOR FUTURE TRAFFIC IN CHILE NITRATE 


The use of nitrogen fertilizers, which account for most of the con- 
sumption of nitrogen compounds, is increasing rapidly throughout 
the world and will undoubtedly continue to increase in the future. 
Improvements in agricultural practices and the need to secure more 
output from depleted soils will require more and more fertilizers. 

he declining tonnage of Chile nitrate being shipped through the 
canal—while total nitrogen consumption has been expandi 
readily be explained in terms of the competitive relations between 
Chile nitrate and synthetic nitrogen. 
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Synthetic nitrogen compounds as a group have one great advan 
over the natural Chile nitrate; they = be jon een ati at or a 
the point of consumption, thus saving art of the transporta- 
tion cost involved in getting Chile nit see the place of use. Syn- 
thetic production also provides a basis for other developments in the 
chemical merged and is attractive in newly developing areas for this 
reason also 

Unlike phosphorus or potassium f , which are derived from 
localized deposits of ores, nitrogenous* ee ers can be manufactured 
economically from elements of air and coal, petroleum, or natural 
gas. Asa result, a plant for produdton of ammonia, and ammonium 
nitrate or urea if desired, can be located at almost any print, wibere where 

naceous fuel is article ble, Ammonium sulfate can 
also, but is dependent on supplies of sulfur or sulfuric acid. e ae 
nology of these processes is widely known, and there are many large 
plants for synthetic. nitrogen production in North America, Europe, 
and Japan. 

‘eaek i production doubled in both Europe and Japan between 
1948 and 1953. Developments since 1953 are shown for the six conti- 
nents in table [X-2, where growth throughout the world is indicated. 
Production has also increased in China (Taiwan-and mainland) and 
India. New fertilizer factories have been built in Egypt, Pakistan, 
and South Korea and have been planned in Afghanistan and Ceylon. 
While this is not a complete list of new a it.serves to illustrate 
how widely production fs being dis 


TaBie IX-2.—Production and consumption of nitrogen fertilizers, by continents, 
fiscal years 1954-67 ' 


(Thousands of metric tons] * 


Production less consumption. 
South America: 
PI ae 


‘ 1 Paste saortnel experience for 1954 and 1958, estimates before data were complete for 1956, and forecasts 
or 
§ Nitrogen content only—not of fertilizer materials. 
§ Excludes U.8.8.R., mainland C and North Korea. 


Source: Food and Agriculture Organization of the United Nations, “An anus Bys of World Produc 
tion and Consumption of Fertilizers, 1956,’ Rome, 1956, tables 15, 17, 18, 19, and 
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Nitrogen fertilizers are useful in terms of their nibneipens content 
rather than on the basis of other elements contained: ) The compara- 
tive nitrogen contents of the common materials are shown below. 


Fertilizer material: 
Sodium nitrate (' 
ulfa: 


On a pound-for-pound basis, Chile nitrate is the least concentrated 
material, making it.more e ive to ship, on a nitrogen basis, as 
well as more expensive to apply to. the soil. 

The foregaing: materials are compared. on the basis of recent, U.S. 

rices in the tabulation on page 181. While prices vary somewhat 
f location, the cost disadvantage of the Chilean product is quite 
obvious. Although.it does contain minor amounts of potash, the price 
differential. is not warranted on that basis. Sodium nitrate may also 
be made synthetically and the cost of production allows a price which 
is generally about $1 per ton below that for Chile nitrate. 


Price per ton} per unit of 
nitrogen 


The nitrogenous fertilizer materials are not perfect substitutes for 
each other in all uses, and factors other than cost per unit of nitrogen 
therefore affect choices among the materials. Soil and climate condi- 
tions can favor one material or another depending on circumstances. 
Sodium nitrate tends to make the soil alkaline, while ammonium 
sulfate tends to make the soil acid. Since a nearly neutral soil is 
usually desired, a choice between these materials might be influenced 
by whether the soil is already alkaline or acid. Urea leaves an acid 
residue in the soil, while ammonium nitrate and ammonia ha e no 
great effect on the acidity of the soil 

Chile nitrate is highly soluble and when applied to the soil quickly 
becomes available to growing plants. However, in an area of heavy 
rainfall this characteristic may also mean loss of fertilizer by leaching. 
Egypt, a low-rainfall area, was formerly a major buyer of Chile nitrate, 
although this trade has now nearly ceased. This change’can be ex- 
plained partly by’new Egyptian domestic production,’ and is probably 
also due in part to the increasing availability of nitrate fertilizers in 
nearby Europe. Japan, on the other hand, is a high-rainfall area and 
has used only small amounts of Chile nitrate 

For many years, large quantities of Chile nitrate have been used in 
the southeastern part of the United States as a side dressing for grow- 
ing tobacco and other crops for which a timely application of quickly 
available nitrogen is desirable. Urea is also used for this purpose, 


eee 
Estimated to be equivalent to 150,000 to 200,000 tons of Chile nitrate. 
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and synthetic sodium nitrate gets a share of the market. Although 
the volume of Chile nitrate used in this area has been fairly stable in 
recent years, it does not appear likely that the volume will increase; 
Rather, traditional preference for Chile nitrate will probably weaken 
under competition from cheaper materials unless the price differentia] 
is reduced. 

The other area receiving a large tonnage of Chile nitrate via the 
Panama Canal is Europe. Shipments go to most of the European 
nations, even though several of them have a net surplus of domestic 
production of nitrogen over domestic consumption. With the ex- 
ception of Spain at Portugal, no single nation accounts for a | 
portion of the total tonnage. The total volume has fluctuated consid- 
erably during the 1950’s, and with competitive conditions similar 
to those described in the United States, a gradual decline would be 
expected unless price differentials evar ; 

itrate exports are a major source of income for Chile, and efforts 
are certain to be made to retain markets. New investments are 
currently being made to improve the efficiency of production. If 
costs can be reduced, Chile nitrate may achieve a better competitive 
position. 

The factors affecting Chile nitrate that have been described here 
cannot be effectively analyzed to derive a detailed estimate of future 
shipments. Too many areas and special circumstances are involved 
for individual analysis. However, the general trend to substitution of 
other materials seems well established. In fiscal 1957, Chile nitrate 
shipments through the canal were down rather sharpiy from the level of 
recent years. For 1975, a volume of 1 million long tons, which is 
higher than the tonnage for 1957 but somewhat below the average for 


the last 3 years, is believed to be a reasonable oer This would 


allow for some improvements in production in Chile, for the special 
uses in which sodium nitrate is particularly desirable, and also for 
some further inroads by synthetic persue, By the end of the cen- 
tury, traditional preferences for Chile nitrate stemming from times 
before synthetics were widely known will be less important. A 
decline to annual average shipments of 800,000 long tons is therefore 
projected. 


OUTLOOK FOR OTHER NITRATES AND AMMONIUM COMPOUNDS 


As can be seen in table [X-1, the principal growth in tonnage in 
Panama Canal movements of nitrates and ammonium compounds 
other than Chile nitrate has been in shipments from Europe and the 
east coast of the United States, with Asia the largest destination. In 
relation to the increases in nitrogen consumption in the.areas of desti- 
nation, however, these shipments have been small. This can be 
explained in terms of the increasing local production of these mate- 
rials throughout the world, which was discussed above and shown 
generally in table [X-2. 

Further expansion of nitrogen production in the newly developing 
areas of the world seems assured, and increasing demand in the future 
will be met largely from. these sources. However, there will probably 
always be areas in which demand exceeds production capacity, at 
least from time to time in periods before new increments in production 
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capacity can be built. There will also probably be some exchange of 
special products and shipments reflecting special short-term supply- 
demand situations. 

As is the case with Chile nitrate, the number of movements involved 
and the variety of situations they reflect make it impossible to analyze 
in detail probable future shipments in individual situations Never- 
theless, the general course of developments seems clear, and no great 
growth in average annual shipments of synthetic nitrogen through the 
canal is indicated. On the other hand, the time that will be required 
to develop a large production base in the newly developing areas makes 
it probable that some supply deficits will continue for many years. 
As a general representation of these factors, the Atlantic to Pacific 
tonnage of nitrates and ammonium compounds is projected to continue 
to 1975 at an annual average rate about the same as that of recent 
years and thereafter to decline gradually. This yields a 1975 estimate 
of 400,000 long tons, with 200,000 for the end of the century. 


SUMMARY OF PROJECTIONS 
The Panama Canal tonnage projected in the foregoing discussion is 
summarized below. 
[Thousands of long tons} 


Nitrates and ammonium compounds 








SECTION X 
PHOSPHATES 


(By Neil T. Houston and S. A, Cogswell) 


For many years phosphates have been one of the principal commodi- 
ties movin; m Atlantic to Pacific through the Panama Canal. The 
tonnage is highly concentrated on the route from the east coast of the 
United States to Asia and consists largely of phosphate rock destined 
for Japan. This principal movement has increased greatly since 
World War II, mainly because of the shift by Japan to United States 
we hate, since smaller quantities are available to Japan from the 

acific islands and North Africa. 

Small tonnages of manufactured phosphate fertilizers are shipped 
from Europe and the east coast of the United States to various destina- 
tions in the Pacific. During the 1930’s, there was a small movement 
from Australasia to Europe; it did not resume after the war until 1954 
and = recently been running about a: hundred thousand tons 
annually. 

The movements of phosphates through the canal arise from the 
attern of world production and consumption of phosphate materials, 
or which fertilizers are by far the most important end use. The rela- 

tive importance of the six continents as consumers of phosphate fer- 
tilizers and the recent growth of consumption in each are indicated 
in table X-1. The tonnages shown in this table are in terms of P,O; 
content only and do not represent the actual weight of the fertilizer 
materials used. It can be observed that consumption has been rela- 
tively stable in North and Central America and that it has been grow- 
ing rapidly in all other areas. 


TaBLe X-1.—Consumption of phosphate fertilizers, by continent, fiscal years 
1961-57 


(Thousands of metric tons of P:0s) 


' Does not include small quantities of ground phosphate rock that are insignificant in relation to totals. 
* Figures for 1966 are estimates 1957 figures are forecasts, 
'T given in sources do not add in some’years, presumably because of rounding. 


Sources: The foll blications by the Food and Agriculture ion of the United Nations 
CAS) arian, XW ol Repeton eaaein and Gposumgton, nog its An Antal Haven 
over ; n Anni 
Review of World Production and Gon Tesch bertilinne, 1066; Rome, iseht table 12. 
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Phosphorus is found in nature principally in localized deposits of 
rock phosphate which provide the raw material for the various com- 
mercial phosphorus compounds. Small quantities of rock phosphate 
are ground and applied directly to the soil, in which case the phos- 
phorus slowly becomes available to plants. This use is insignificant 
in terms of the total tonnage of rock used in the world. 

Acidification of phosphate rock by sulfuric acid results in ‘normal 
superphosphate,” from which) the phosphorus content is readily 
available to plant life in the soil. This is the most common form of 
phosphate fertilizer. However, in this case the os content 
per ton is less than that in the grades of rock phosphate usually mined. 
Accordingly, the raw rock is a more economical form in which to ship 
phosphorus than is normal superphosphate, particularly when long 
distances and large quantities are involved. This helps to i 
why the heavy to e movements a the Panama Canal are 
in the rock form. ‘Acidifi cation of the rock by ps horic acid results 
in a more concentrated mixture, but it is considerably more expensive 
and for most purposes does not overcome the other advantages of 
= ing in the unprocessed form. 

he locations of the major phosphate rock ra poe in the world are 
shown in table X-2. The great concentration of world reserves in the 
countries of North Africa, the United States, and the Soviet Lnion is 
at once apparent. Over 56 percent of estimated world reserves are in 
the countries of North Africa. 


TaBLE X-2.—Estimated world reserves of phosphate rock and apatite 
{Millions of metric tons] 


Location 


Principal producing areas: 
French Morocco 


Source: Mirko Lamer, ‘‘The World Fertilizer Economy, “‘Stanford University Press, 1957, p. 105. 


Prior to World War II, North Africa was the area of largest produc- 
tion of phosphate rock in the world, followed closely by the United 
States. With North African production unavailable to the Allied 
Powers during the war, the United States assumed the role of supe 
and emerged from the war with greatly expanded production. U.S. 
output has increased substantially in the postwar period also, and 
remains the largest in the world. 

Production in North Africa was restored after the war and has 

anded to about twice the prewar volume in spite of unsettled 
political conditions., .French Morocco accounts for most of the growth 
and has reached about four times its poaar volume. 

The remaining major exporters of phosphate rock are the islands of 
the Pacific and Indian Oceans. With the exception of Angaur, which 
is now out of production, the islands are preducing at greater than 
prewar volume. Nauru and Ocean Island have been increasing their 
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output gradually in recent years, while Makatéa and Christmas 
Island have been relatively stable at their new levels. The production 
of the major areas is shown in table X-3 for both prewar and postwar 
nasa oy the general developments described here can be seen 
in detail. 


Taste X-3.— World production of phosphate rock 


Thousands of long tons Thousands of 
metric tons 


3,799) 4,020) 3, 406 
5, 166) 4,424) 4 


1 Not available. 
2 Ceased in 1955 because of depletion of ore. 


Sources: The fo! publications by the U.S. Bureau of Mines: ‘‘ Minerals Yearbook Review of 1940,’ 
P 1281; “Minerals Year 1954” (preprint of chapter on ieee rock); “‘Minerals Yearbook, 1955”’ 
M 


mpsiet of chapter on peat rock); and “‘ Mineral try Surveys,” ‘Mineral Market Report,” 
8 No, 2646, July 1957. 


As shown in table X-1, consumption of phosphate fertilizers in the 
world has been growing rapidly. ith the need for more agricultural 
output in developing areas and the spread of knowledge concerning 
the use of fertilizers, it is practically certain that fertilizer consumption 
will continue to increase in the future. ‘ It would be very difficult to 
predict the extent of this growth and its timing and location by 
country. However, such a detailed analysis is not required in relation 
to future Panama Canal traffic. By considering the geographical 
relations. of the producing and consuming areas, it’ is possible to 
sa ra the cote with respect to the canal. 

he soils of Australia and New Zealand are deficient in phosphorus, 
and growing consimption in these countries seems assured. Their 
pappete requirements are met from local deposits and by imports 
rom the Pacific islands. It’is. not’ likely that imports from outside 
the Pacific area will be required, but, on the other hand, the growth 
in consumption in Australia and ‘New Zealand will no doubt absorb 
further, increases in‘ phosphate rock output in the islands. 

Tt was mentioned earlier that sone shipments from the Pacific to 
Europe via the Panama Canal had begun in 1954 for’ the first time 
since’ World War IT.’ Nearly “all of the tonnage is’ destined’ for the 
United ‘Kingdom ‘and ‘appears to réprésent the disposal of output from 
Océan Island ‘and’ Naura within the British Commonwealth. “Tf 
Australia’ and ‘Néw’ Zéaland ‘cannot absorb all future increases ‘in 
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output, from these islands, the growing requirements in India would 
offer ,ai,sterling area market. igs than. the. United Kingdom. . It 
therefore does not ap logical to expect significant long-run growth 
in the tonnage of phosphate rock ahippes from the., Pacific. to. the 
Atlantic through the Panama Canal. For traffic projection purposes 
it arty reasonable to place future shipments at the present level 
of about 100,000 long tons annually. Growing consumption in the 
Pacific may make even this projection seem high in the future, but 
the possible range of error on this account is limited by the small 
tonnage involved. 

Europe and Africa have direct access to the phosphate rock of the 
North African countries and Florida without using the Panama Canal. 
Therefore, with the exception of the small tonnage just mentioned 
from the Pacific, it is possible to exclude the supply problems of these 
oat continents from consideration in connection with future canal 
traffic. 

In South America, the east-coast countries ‘have access to the 
Florida and North Africa sources without using the Panama Canal. 
However, the west-coast countries would use the canal to draw on these 
major supply areas, Phosphate requirements on the west coast of 
South America are being met by domestic production plus some small 
imports from Europe and the east coast’ of the United States. The 
tonnage from Europe has been stable around 25,000 long tons annually 
for the _ 5 years. The first shipments from the east coast of the 
United States were indicated in Panama Canal reports for 1954 and 


have grown from 4,000 tons in that year to 16,000 tons in 1957, 
These small tonnages probably represent processed fertilizers. rather 
than raw rock. Some further growth in such shipments will probably 


occur in the future at a gradual rate. 

The remaining continent to be considered in relation to Panama 
Canal traffic is Asia. As mentioned earlier, the chief movement of 
phosnhates thnewmh the canal is from the east. coast of the United 

tates to Asia. It averaged about 250,000 long tons annually during 
the 1930’s. It resumed in volume after the war in fiscal 1950 and has 
grown rather rapidly since that time, reaching 1,411,000 tons in fiscal 
1957. This is the movement which is most important for future traffic 
as well as for the present. laa 

Only a small part of Asia is involved in current phosphate shipments 
through the canal. By far the largest portion of, the tonnage goes to 
Japan, which accounted for 88 Berean of the total in 1957. Other 
destinations are the Philippines, South Korea, and Taiwan, Tonnage 
to other countries of the Far East has not been significant. 

It is only the countries of the Far East that can logically be expected 
to. receive Florida phosphate via the canal. . Indonesia and all of 
Asia to the west is closer to Florida yia Suez than via Panama. There- 
fore, any shipments from Florida to these areas could be expected to 
move on the Suez route, and it is not necessary to consider the possible 
future volume of such shipments in this discussion. 

In the Far East, phosphate rock from Florida competes with that 
from North Africa... Prior to World War II, Japan purchased ABs 
proximately equal quantities from both sources, getting about 

cent of her requirements from each, The remainder was supplied 
rom the Pacific islands. With the island sources no longer available, 
the United States has been filling the supply gap and now has a much 
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larger share of the Japanese market than the North African suppliers 
have. However, two factors should tend to limit future growth in 
shipments from Florida to Japan in the long run. 
irst, the use of fertilizers is a highly developed practice in Japan, 
and the quantity of arable land is rages limited. Total imports of 
phosphate are already above prewar levels. Further growth through 
more intense use would be ae on top of already intense use, and 
any expansion in total cultivated acreage is difficult. The rapid in- 
crease in shipments from Florida to Japan in recent years represents 
a shift in supply sources and a recovery from very low levels of phos- 
a. consumption in Japan during the war and immediate postwar 
riod. 
 Goteed, North Africa should be expected to become a more im- 
rtant supplier in the future. Tunisia is about the same distance 
eas Japan as Florida is from Japan. French Morocco is about a 
thousand miles farther from Japan, but this is a relatively small differ- 
ence in terms of ocean shipping cost. The enormous phosphate rock 
reserves in the North African countries are capable of much greater 
development than has occurred to date, and they should be expected 
to play a larger part in total world production in the future. Japan 
will be under pressure to find nondollar sources for raw materials, 
which should favor the North African suppliers. 

In the Far Eastern countries other than Japan, the first of the factors 
mentioned above does not apply. Improvements in agricultural prac- 
tices can be relatively much greater, with a consequent growth in 
fertilizer use. However, the factor of North African competition is 
present as in the case of Japan. The availability of dollars for pur- 
chases in the United States will probably be an even more acute prob- 
lem in the other countries than in Japan. In the postwar period, 
U.S. economic aid and milit —e have played a very im- 
portant part in making possible the sale of U.S. products to these 
countries. The outlook for increasing exports to the United States to 
earn more dollars is not particularly bright. 

Moving south from Japan to the other countries of the Far East, the 
distance from Florida via Panama increases, while the distance from 
North Africa via Suez decreases. The other countries are therefore 
more favorably situated for shipments from North Africa than Japan 


is. 

Allowing for the factors that tend to limit further growth in the 
Japanese market and those that are expected to favor increasing par- 
ticipation of the North African suppliers in the Far East phosphate 

e, it appears reasonable to sponeect future phosphate shipments 


through the Panama Canal which are only moderately above recent 
levels. The average annual tonnage from Atlantic to Pacific in the 
1955-57 period was 1,274,000 long tons. An annual av of 1,500,- 
000 tons for the periods around both 1975 and 2000 should be a rea- 
sonable allowance for developments in the Far East and on the west 
coast of South America. 
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SECTION XI 


BANANAS 
(By Neil T. Houston) 


Bananas have become important in Panama Canal tonnage only 
since World WarII. From 53,000 long tons in fiscal 1938, the tonnage 
has grown to 331,000 in 1947 and to about 900,000 a year recently. 
This rapid growth to major commodity status raises an important 
question for future canal tonnage. 

The countries shipping in voltime through the canal are Panama, 
Ecuador, and Costa Rica. In the period 1935-39, these countries 
exported an annual average of about 16 million stems in the total of 
73 million exported by the American Republics. (See table XI-1.) 
In 1947, they shipped 19.5 million of the 71 million total, and in 1955 
these 3 countries accounted for 52.3 million stems in the American 
Republics total of 90.7 million.’ The growth of Panama Canal ton- 
nage reflects the changing relative position of these countries more 
than it represents expansion of the total banana trade. 


Taste XI-—1.— World exports of bananas 
(Thousands of stems] 
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1 Costa Rica, Cuba, Dominican Republic, Guatemala, Haiti, Honduras, Mexico, Nicaragua, Panama, 
Brazil, Colombia, Ecuador, Venezuela. 
? British Honduras, Guadeloupe, Dominica, Jamaica, Trinidad and Tobago, Martinique. 


Source; Inter-American Economic and Social Council, Special Committee on Bananas, “Report of 
Banana Mission,” table 71, Pan American Union, Washington, 1957. Figures are in count bunches of 50 


From 1947 to 1955, the exports of Costa Rica remained practically 
constant. Those of Panama were ey stable, until an increase in 
1955. The growth in canal traffic since the initial postwar increment 


thus represents expansion of the banana industry in Ecuador. 


‘Inter-American Economic and Social Council, Special Committee on Bananas, “Report of Banana 
Mission,” table 71, Pan American Union, Washington, 1957. Much of the information in subsequent para- 
graphs has also been drawn from this report. 
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The future of traffic in bananas through the canal depends on move- 
ments from producing areas on the west coast of Central and South 
America to east coast and gulf ports of North America and to Europe, 
The factors determining these movements will be the demand for 
bananas in the consuming countries and the ability of west coast 
supply areas to meet this demand in competition with other potential 
sources of bananas. Tne complexit of measuring and evaluating 
these factors is evident from tables XI-1 and XI-2, which show the 
- Many countries involved, both in production and consumption of 

bananas. Further, in the producing countries, different districts have 
different problems and different costs. 


Taste XI-2.— World imports of bananas 


Num-| Per- |Num-} Per- |) 
ber | cent 
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65. 
62. 
60. 
57. 
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54. 
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1 United States and Canada. 
2 Argentina, Chile, Uruguay 


§ Belgium, France, Germany, Italy, Netherlands, Spain, Sweden, Switzerland, United Kingdom, and 


others, 
‘ Algeria, French Morocco, Union of South Africa, Rhodesia, and others. 
5 Not available. 


Source: Inter-American Economic and Social Council, Special Committee on Bananas, ‘‘Report of 
— Mission,”’ table 72, Pan American Union, Washington, 1957. Figures are in count bunches of 50 
pounds. 


PRODUCTION POTENTIAL OF WEST COAST OF CENTRAL AND SOUTH 
AMERICA 


The long-range potential of an area for the production of bananas 
is very difficult to evaluate. In the past; important producing areas 
have developed quickly, prospered for a few years, and then have de- 
clined, or been abandoned as diseases of the banana plant spr 
Sey through the plantings. The oo leaf spot disease and the 

anama disease are the chief limiting factors in banana production in 
the countries relevant to Panama Canal traffic, 

Control of the sigatoka leaf spot disease is possible through the use 
of sprays, which make production more expensive but stil ible. 
The Panama disease is caused by a fungus that infests the soil, and no 
really economical means to control it appears to have been found. 
This leads to the abandonment of plantings and the development of 
new land when the infestation becomes too serious. There are resistant 
varieties of banana that can be grown where Panama disease fungus is 
present, but these are not at present the most desirable varieties in 
the export market, Continuing research is being devoted to improving 
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varieties and finding other control measures. What the eventual 
outcome will be in determining the longrun land area usable for 
bananas cannot be foreseen. 

Some indication of future west coast uction possibilities can be 
obtained by considering the amount of new land adapted to banana 
culture in areas that would export from the west coast of Central and 
South America. 

The principal possibilities are as follows: 

Guatemala.—Some 500,000 acres, all of which could be irrigated, and 
is on the Pacific coast. suitable for bananas. Construction of deep- 
water port is considered feasible from an engineering viewpoint. 

Honduras.—About 50,000 acres of good land on the Pacific—no 
present port facilities, indicating need for lighterage or construction of 
deepwater port. 

osta Rica.—Presently shipping from the west coast, and about 
40,000 acres available for expansion. In addition, 30,000 acres in 
which the Gros Michel variety has been destroyed by Panama disease 
° available for other varieties with rail and port facilities already in 
place. 

Panama.—Presently shipping. from the Pacific coast—possibly 
20,000 acres of fair land available for expansion in the Chiriqui area. 
Expansion in Darien unlikely. 

olombia.—Presently shipping from the Caribbean side from Santa 
Marta, where Panama disease is absent and expansion is possible. 
Over 200,000 additional acres suitable, of which about 100,000 are in 
the Tumaco and Buenaventura areas that would export on the 
Pacific side. Also, about 500,000 acres near Cali that would export 
through Buenaventura if developed, but this land now in other crops 
and now considered relatively expensive for bananas. 
r.—Large areas of forest land suitable for bananas available. 
However, sigatoka disease is now well established, and control meas- 
ures will be required in the future. The expense of these measures 
limits production to land of high productivity. A good deal of the 
present cultivation is in rolling or broken topography where irrigation 
is not feasible and yields are not great. There appear to be large areas 
along the major rivers where irrigation and disease control can be 
practiced, but the extent of these lands is not now known. There are 
also additional areas where natural rainfall is adequate and disease 
control feasible. It appears to be the consensus at present that 
Ecuador has reached its peak production for some time to come. 
Reorientation of the industry to the better lands in areas of consider- 
able size where disease control can be practiced will take time, and 
meanwhile exports may even decline somewhat.- The longer term 
outlook is as obscure as that for the other west coast areas already 
mentioned. 
DEMAND FOR BANANAS 


From discussion in the trade and examination of the literature, it 
appears that there have been no systematic studies of the demand for 
bananas. It has been possible to sell all the high-quality fruit that 
could be produced. In the U.S. market, quality of “the fruit is known 
to be very important, which emphasizes the need to produce and ship 
under good conditions. Quality has been a problem with Ecuador 
fruit because it is grown in many scattered locations and transported 
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to ships under difficult conditions. This has made Ecuador a marginal 
supplier so far as the United States is concerned. 

According to the report made by the Special Committee on Bananas, 
of the Inter-American Economic and Social Council, the market. has 
been growing more rapidly in Europe than in other consuming areas: 

The European market has far more rapidly, on the ~~ 

whole, than that of South or North America in recent years. 
Thus Furopean imports were slightly more than half, about 
53 percent, of the volume of North American imports in 1952. 
Tn 1955, however, Europe imported 70 percent as much as 
Canada and the United States. To accomplish this, Euro- 
pean imports between 1952 and 1955 rose by 44 percent, 
while North American imports increased only 10 percent. 
The bulk of the European import increase was accounted for 
by Western Germany and the United Kingdom, while other 
countries of Western Europe also showed substantial gains 
over the 4-year period. The gain in Europe’s imports has 
been substantial in each year, though the rate of increase 
declined somewhat, in the past year. To date, however, 
there is no sign that the European import potential has been 
reached or exnausted. 

A number of factors are of importance in the European 
market. In the trade of both France and the United King- 
dom—two of the three major European importers—there 
are strong trade bonds with a number of colonial or territorial 
pee It is important to ascertain whether, on the 

asis of supply and demand outlooks in both markets, there 
exist possibilities for trade with Latin American producers, 
beyond the current modest levels and outside of the present 
arrangements with preferential suppliers. Other factors de- 
serving study are the extent and prospects for a continuation 
of payments and other restrictions to the trade and the pos- 
sibilities for circumventing such obstacles.” 


U.S. imports of bananas indicate that consumption per capita is 
currently lower than before World, War II., In 1955, U.S. imports 
were on ee percent above the 1935-39 average, while population had 
grown about 28 percent. This slow. growth in total banana imports 
in @ period when population and income were rising rapidly is due 
at least in part to difficulties on the supply side. For example, after 
increasing substantially in 1953, the exports of Guatemala and Hon- 
duras declined by 11.4 million bunches between 1953 and 1955. 
However, it is also known that per capita consumption of all fresh 
fruit taken together has declined in, the United States in recent years. 
From 1947 to 1955, per capita consumption of fresh deciduous fruits 
declined about 20 percent and that of fresh citrus by about 30 per- 
cent. Among the factors contributing to this development in fruits 
is a pronounced shift to consumption of juices and other processed 
fruits, both canned and frozen. 

? Thid., p. 12. Footnote in original feyeees oy that the import Shanes bectoteest are based on U.S 


Department of Agriculture estimates imports, with 1955 The figures are in 
appendix table 72 of the original. 
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OUTLOOK FOR PANAMA CANAL TRAFFIC 


There is no really satisfactory basis for estimating the volume of 
banana traffic in the future from data available at this time. There 
is probably a considerable demand for high-quality bananas that is 
not now being satisfied in the United States, and the total demand 
should grow as population increases. The European market has 
grown rapidly and is probably capable of further expansion in both 
the near future and over the long run. Both the United Kingdom 
and France have preferential arrangements with areas other than the 
west coast suppliers, but Western Germany and other countries are 
good potential markets. South American importers are mainly Chile 
and Argentina—from Ecuador and Brazil, respectively—and do not 
involve the canal. 

The data presented earlier indicate the possibilities for very large 
banana production on the west coast of Central and South America. 
However, there are also large possibilities on the east coasts and in 
the Caribbean. Colombian production on the east side is in a growth 
phase, at least for the next few years. How production will be divided 
over the long term cannot be foreseen. 

To secure mnformation on production costs in the areas of potential 
expansion and to evaluate the political elements, ownership patterns 
of large corporate growers, and other factors that will determine the 
location of output would be a very large task and is beyond the scope 
of this study. Similarly, an investigation of the demand for bananas 
would be a Jarge undertaking unwarranted as far as Panama Canal 
problems are concerned. y a very rough indication of the possible 
magnitude of shipments through the canal is attempted here. 

Panama Canal shipments have been about one-third of total North 
American and European imports in recent years. If North American 
imports are assumed to increase in proportion to poeta growth, 
and if European imports are assumed to double by 1975, and if 
Panama Canal shipments stay in the proportion shown above, the 
canal tonnage of bananas in 1975 wank be about 1.5 million tons. 
There is no way to assess the probability of these assumptions, 
although those concerning consumption are believed to be reasonable. 
Since the peas shipped from the west coast reflects a period of 
very rapid expansion in Ecuador not likely to be repeated, this is 
probably a a ee i west oan — at pe By the 
year 2000 the tonnage might arger, but possible changes jn con- 
_ tastes and ierodualiee of new foods could give different 
results. 

An independent estimate of the shortrun outlook for this traffic 
supplied by a trade source indicates a volume of 1,071,000 long tons 
through the canal by 1962. This estimate of growth is consistent 
with the longer term possibility just described. 
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IMPROVEMENTS TO THE PANAMA CANAL 


Section 1. AUTHORIZATION 


The Committee on Merchant Marine and Fisheries of the House of 
Representatives of the United States Congress, under authority of 
House Resolution 149, 85th Congress, adopted February 27, 1957, 
retained a board of consultants to study the present and future ope 
tional, construction, and other problems relating to the Panama Canal 
The Board of Consultants on the Isthmian Canal Studies comprise— 

Dr. S. C. Hollister, dean, College of Engineering, rnell 
University, Ithaca, N. Y. (chairman of board). 

Lt. Gen. Leslie R. Groves (U. S. A., retired), wartime head of 
the Manhattan project, which developed the atomic bomb; - 
served on Nicaraguan Canal survey, 1929-31; vice president 
= Remington-Rand Division, Sperry. Rand Corp., Norwalk, 

onn. 

E. Sidney Randolph, consulting engineer, Baton Rouge, La., who 
was employed for 35 years on the Panama Canal. 

E. H. Rowe, Boston, Mass,; formerly vice president of the United 
Fruit Co., and who was employed on the design and construc- 
tion of the Panama Canal. 

John E. Slater, member of the consulting engineering firm of 
Coverdale & Colpitts of New York City, and one-time president 
of the American Export Lines. 

Francis S. Friel, president: of Albright & Friel, Inc., consulting 
engineers, Philadelphia, Pa., and vice president of the American 
Society of Civil Engineers. 


Section 2. Scope or Turis Report 


This report of the Board of Consultants on the Isthmian Canal 
Studies embraces a study and review of the Short Range Study Report 
of 1957 of a recommended program for improvements to the Panama 
Canal, consisting of— 

Project D: Improved lighting at the locks and Gaillard Cut. 

Project E: Mooring Facilities North of Pedro Miguel Locks. 

Project F-1: Widening the Paraiso-Cucaracha Reaches, exclud- 
ing project B. 

Project G: Widening Bend 1660. 


Section 3. Tue Existinc Panama CaNnaL 


(1) Description of the Panama Canal.—In age through the 
s 


Panama Canal from the Atlantic to the Pacific, a ship first enters 
Limon Bay from the Caribbean Sea. The old cities of Colon and 
Cristobal are located at the Atlantic end of the canal. After transiting 
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the breakwater and a large harbor in Limon Bay, a ship enters Gatun 
locks, which. raise it from the water level in the Atlantic Ocean to 
the water level in Gatun Lake. After traversing Gatun Lake, a ship 
then enters a gorge through the Continental Divide, formerly known 
as the Culebra Cut, but now identified as the Gaillard Cut. At the 
south end of this cut, a vessel enters the single lift Pedro Miguel locks, 
and is locked down to the intermediate level of Miraflores Lake. It 
then -paenen through the lake to Miraflores locks, where it is again 
locked down in two steps to the level of the bay of Panama‘on the 
Pacific side. Gatun Lake has a regulated water surface ranging be- 
tween elevation 82 and elevation 87 above mean sea level. This lake 
is maintained at its high level by the Gatun locks and dam on the 
north, and by the Pedro Miguel locks and dam on the south. The 
regulated water level in Miraflores Lake at’ elevation 54 is retained 
by the Miraflores locks and dam. Immediately to the south of Mira- 
flores locks is Balboa Harbor and the Pacific entrance of the bay of 
Panama.» The city of Balboa is located on Balboa Harbor, and the 
city of Panama faces the bay of Panama. 

(2) The tides in the Atlantic and Pacific—The tides on the Pacific 
side at Balboa have a maximum range of approximately 20 feet; 
while the tidal range at Cristobal on the Atlantic side is only about 
2feet. This is the maximum range peeve successive high and low 
tides. The mean tidal range on the Pacific side is 12.6 feet; while on 
the Atlantic side it is 0.9 foot: The highest recorded tide at Balboa 
is at elevation 11.53; while at Cristobal it is at elevation 1.8. The 
lowest recorded tide on the Pacific side is at elevation minus 11.16 
feet, and on the Atlantic side it is at elevation minus 1.25 feet (tidal 
data from 1947 report of Isthmian Canal studies). 

(3) Deseription of locks —All locks on the Panama Canal are in 
duplicate ‘with a common center wall. Gatun locks have 3 lifts; 
Pedro Miguel locks,'1 lift; and Miraflores locks, 2 lifts. The vertical 
locking distance in each chamber varies from 27 to 33 feet. Each 
set of locks is 110 feet wide by 1,000 feet long. The upper and lower 
gates of the upper chambers of each lock are in pairs, and are pro- 
tected from damage by a vessel by fender chains, which extend across 
the lower end of the locks. All of the other locks have single gates. 
All — are towed through the locks by electric locomotives known 
as “mules.” 

(4) Gatun, Miraflores, and Madden Dams.—On the Atlantic side 
Gatun Dam is an earth structure with a concrete spillway equip 
with regulating gates. At the crest of the dam, the lake which i 
formed by Gatun Dam, has a surface area of 163.5 square miles, and 
it forms the waterway (elevation 82 to 87) between Pedro Miguel and 
Gatun locks. Miraflores Lake, which lies between Pedro Miguel and 
Miraflores locks, is retained at an elevation of 54 feet above sea level 
by the Miraflores Dam, ‘which consists of an earth structure with a 
concrete spillway equipped with regulating gates, and located at the 
Miraflores locks. "he tes on this dam control the water level in 
Miraflores Lake. Madden Dam is a concrete gravity structure built 
across the Chagres River upstream from Gatun Lake. This dam 
forms the Madden Lake, which impounds water for the dry season 
operation of the canal and it controls floods in the upper C dur- 
ing the rainy season. The normal operating water level in Madden 
Lake is at elevation 240 above sea level. A hydroelectric generating 
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station is located at Madden Dam, and it is the main source of power 
for the Canal Zone. Hydroelectric power is also generated in’ the 
Gatun Dam. 

(5) The Canal Zone and profile along the canal —(a) Exhibit No.1, 
included in this report, is a map of the Canal Zone prepared in 1957, 
and which is included in the Short Range Study Report of the Panama 
Canal improvements. “Exhibit No. 2 is a ‘profile along the existing 
Panama Canal, showing the water levels in the Atlantic and Pacific; 
the water levels in Gatun and Miraflores Lakes; the bottom of the 
eanal, together with the surface of the ground along the route of the 
canal prior to its construction. 

(6) The Panama Canal Zone is a strip across the isthmus, extendi 
approximately 5 miles on each side of the centerline of the canal. 

he zone also includes the areas contained within elevation 100 feet 
above sea level around Gatun Lake. (Water level of Gatun Lake 
ranges from elevation 82 to 87.) The water level in Madden Lake is 
operated at a normal water level of elevation 240, and the Canal Zone 
around Madden Lake extends to elevation 260. 


Section 4. Tue Capacrry or THE PANAMA CANAL 


(6) The capacity of the Panama Canal is limited because of the 
navigational problems which are inherent in a restricted waterway. 
On the Atlantic side of the canal there is a summit level anchorage 
in Gatun Lake, where vessels bound in either direction can anchor 
until they are notified to proceed. These favorable conditions do not 
exist on the Pacific side. The Pedro Miguel locks are located immedi- 
ately to the south of Gaillard Cut, with no summit level ancho 
available, at this location, as in Gatun Lake. Northbound: vesse 
enter Gaillard Cut at the Pedro Miguel lockage intervals, where 
southbound vessels moving from the Atlantic to the Pacific cannot 
arrive more rapidly than the Pedro Miguel locks can: be ready to 
receive them, The Gatun anchorage supplies a stopover station for 
both northbound and southbound vessels, and permits flexible opera- 
tion at Gatun locks, At Pedro Miguel, there is no comparable anchor- 
age. Ships must approach the Pedro Miguel locks in a relatively 
narrow channel and cannot anchor, thus vessels must be received as 
they reach Pedro Miguel. The Panama Canal is therefore limited 
both as to the size of ships and to the number which can be passed 
through the canal within a.given time. A discussion of the capacity 
of the present canal is presented in table IT of the Short Range Study 
Report, A summary of these capacities, as set forth in the Short 
Range Study, is now presented. 

(7) Limitations as to size +f ships passing through canal.—(a) The 
resent locks are 110 feet. wide and 1,000 feet long. At a depth of 9 
eet above the bottom of a lock chamber the width is 109 feet 4 inches, 

and at the bottom of the chamber the width is 104 feet. The usable 
length of the lock is 975 feet and the maximum usable depth is 41 
feet. The next limitation is the Gaillard Cut. This cut is presently 
300 feet wide throughout most of its length, and it approaches a 
depth of 42 feet at the end of the dry season (bottom elevation 40.0: 
water surface elevation 82.0). 

(b) Due to these physical limitations, the 1957 Short Range Study 
Report concludes that. the largest size commercial ship which could 
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safely transit the canal under its own power should be that having a 
beam no greater than 102 feet, a fresh-water draft no greater than 37 
feet, and a length no ter than 800 feet. Restrictions to ships with 
a fresh-water draft of 37 feet are based on model studies and actual 
experience, which prove that at least 5 feet of water is required under 
the keel of a ship operating in shallow ‘restricted channels in order to 
minimize interaction between the ship and channel bottom. The 
1957 Short Range Study Report goes on to say that vessels with a 
fresh-water draft greater than 37 feet could pass through the canal 
in an emergency but they would probably ‘have to be towed by tugs, 
and would seriously interfere -with normal traffic. 

(8) Number of ships per lockage:—When it is ible to do so, two 
or more small ships are scheduled for transit at the same time through 
a single chamber. Based on present operating procedure, this con- 
dition occurs with a frequency that the total rr Rt oe through 
the canal average 1.09 oceangoing ships per lockage. Based on studies 
by the Panama Canal Sees it is expected that this average can 
be increased to 1.15 ships per a and, in the 1957 Short Range 
Study aa the capacities of the locks are computed based on an 
average of 1.15 ships per lockage. 

(9) Capacity of locks—(a) Gatun locks: Each lane of Gatun locks 
has an average locking interval, for average size ships, of 80 minutes. 
Operating 16 to 18 hours per day, the Gatun locks can handle 24 to 
27 average-size ships. The Short Range Study Report of 1957 indi- 
cates that this capacity could be increased to 36 average-size lock 
per day, based on an operational day of 24 hours; and with the further 
understanding that the Gaillard Cut and all locks would have ade- 
quate lighting: that the Gaillard Cut would be widened to 500 feet 
south of Culebra to Pedro Miguel; and that moorings would be 
installed north of Pedro Miguel. An analysis of canal operations, 
based on 36 lockages per 24-hour day, with canal improvements, and 
with synchroniz eriods of operation at the Atlantic and Pacific 
locks, is shown in detail on exhibit:No. 11. With a 16- to 18-hour 
operation, 4 crews are required at Gatun locks. If this operation is 
extended to a 24-hour operational day, then 6 crews would be required. 
' (6) Pedro Miguel locks: The normal capacity of the Pedro Miguel 
locks is 72 average-size lockages per 24-hour day, and the lockage 
interval is 40 minutes. 

(c). Miraflores locks: The loskage interval at Miraflores is 60 
minutes, and the capacity is 48 Sante lockages per 24-hour day. 

(d@) Maximum lock capacity: The lockage capacities of Pedro 
Miguel and Miraflores locks exceed the capacity of the Gatun locks; 
therefore, the Gatun locks are the controlling factor based on lockages. 
Under ideal conditions, during nonoverhaul periods, and with no 
clearcut ships, the maximum capacity of the channel, based on lock- 
ages, would’ be 36 average-size lockages per 24-hour day. This 
capacity, however, is reduced by lock overhauls and the number of 
clearcut ships. 

(e) Conditions and capacities of locks during overhaul period: All 
locks are overhauled every 5 years, and during this period the lock 
being overhauled is operated with only 1 lane. The 1-lane operation 
occurs for about 13 weeks during the overhaul of Gatun locks; and 
about 21 weeks during the overhaul of the Pedro Miguel and Miraflores 
locks. In addition, after both Iwnes of a lock have been overhauled 
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and placed in Saal it is necessary to then overhaul the center wall 
culvert and valves. This takes about 4 weeks at Gatun locks and 
about 3 weeks at Pedro Miguel and Miraflores locks. During the 
overhaul period, when there are no clearcut ships, the capacities at 
Pedro coe and Miraflores are not reduced below the 36 lockages 
that can be handled at the Gatun locks. The Short Range Study 
Report of 1957 indicates; under these conditions of overhaul of the 
Pacific locks, that the 36 average-size lock can be maintained. 
‘However, during the overhaul period at the Gatun locks the capacity 
is reduced, at which time the maximum capacity of the canal, without 
clearcut ships, is reduced to 30 average-size lo es per 24-hour day. 

(f) Clearcuts: When clearcut ships are passing through the canal, 
the capacities of all three locks are reduced, especially during the 
overhaul periods. A ‘clearcut ship” is described as a shi pt 
due to its size, maneuverability, or cargo is not peitenitbedk to. pass 
another ship in Gaillard Cut. A “daylight clearcut ship” is one 
which, due to extrémely hazardous eoniiteane| is required to transit 
Gaillard Cut and all locks during daylight hours. A large clearcut - 
ship (a ship over 585 feet in length or 79 feet in beam) increases the 
ethane interval from 80 to 1f0 minutes, and the lockage interval for 
a “supership” (a ship over 654 feet in length or 86 feet in beam) is 
about 170 minutes. With 2 daylight clearcut ships each day passing 
through the canal, the capacity of Gatun lock is reduced from 36 
to 35 lockages per 24 hours, and during the overhaul period 
capacity is reduced from 30 to 29 1 es per 24-hour day. Ont 
Pacific side at the Miraflores locks, during an overha poem 2 
clearcut ships reduce the capacity of the canal from 36 to 33 lockages, 
and at Pedro Miguel, under these same conditions, the capacity is 
reduced to 30 lockages per 24-hour day. If more than two daylemt 
clearcut ships are passing through the canal, then the dependa 
capacity is further reduced. 

(10) Present and estimated future lockage intervals and capacities.— 
The present and estimated future lockage intervals based on 24-hour 
operation, which are shown in table I of the Short Range Study of 
1957, are set forth below. A saving in time is to be noted as antici- 
pated with the new locomotives in service. 


{In minutes] 


New locomotives 


Nore.—Reference is again made to exhibit No. 11, prepared by the Panama Canal Company, on which 
an analysis of canal operations is presented. va 


(11) The canal has strict regulations requiring one-way traffic in 
Gaillard Cut under certain conditions. The large merchant vessels, 
large warships, large ore ships, large oil tankers, ships ladened with 
explosives, and vessels which are hard to handle are permitted to enter 
Gaillard Cut only when it is clear of other passing vessels. In order 
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to insure safety, traffic in the mourns direction is delayed until these 
“one way” or ‘‘clearcut’’ vessels have passed out of Gaillard Cut. 
The capacity of the canal is reduced because of this operational 
restriction. 


Section 5. Toe OprrRaTIONAL Prospiems or THE CANAL 


(12) In the operation of the canal, the traffic bottleneck at Pedro 
Miguel, the restricted width of the canal through the Gaillard Cut, 
the surges in Gaillard Cut caused by the lockages, together with 
weather conditions affecting night. operation, are the principal 
operational problems. On the Atlantic side of the canal there is an 
anchorage in Gatun Lake where ships may anchor until they receive 
orders to transit the canal. This favorable high-level anchorage does 
not exist on the Pacific side. Northbound vessels enter Gaillard Cut 
at the lockage intervals at Pedro Miguel. Southbound vessels cannot 
reach Pedro Miguel Locks more rapidly than these facilities can be 
made available to receive them. 

(13) Operation of the canal indicates that ships start at both the 
Atlantic and Pacific sides simultaneously. Northbound vessels are 
locked up to the canal level continuously until the northbound traffic 
has passed through Pedro Miguel locks. This northbound traffic pro- 
ceeds through Gaillard Cut into Gatun Lake, and thence to the Gatun 
anchorage or locks. Southbound vessels from the Atlantic are raised 
i@ Gatun locks to the lakelevel anchorage, where they wait until they 
are scheduled for transit. After the northbound traffic clears the 
Gaillard Cut at Gamboa, the southbound traffic then enters Gaillard 
Cut and proceeds to the Pedro Miguel locks. Gatun Lake makes 
ag anchorage facilities for both northbound and southbound 
vessels, 

(14) Fog is one of the hazards causing traffic interruptions in the 
narrow reaches of the canal. The canal north of Pedro Miguel is 
subject to fog at frequent intervals. The Gatun anchorage and 
Miraflores Lake are relatively free of fog. Under conditions of fog, 
it is dangerous for ships to enter the Gaillard Cut because of the 
limited width of the canal. The canal capacity is normally reduced 
during unfavorable weather conditions; and during periods of long fo: 
duration the capacity of the canal is less than that heretofore So aiesiods 

(15) The record. of accidents reveals that. the most serious ones were 
found to be lock accidents, groundings, and collisions. Groundings in 
the Gaillard Cut appear to be the most feared, and chiefly occur when 
a large vessel strikes a rocky bank. Collisions in the narrow waters 
of the Gaillard Cut ere likely to be serious. The Gaillard Cut appears 
to be the most serious danger spot in the Panama Canal. all or 
bank suction, in some instances, cause groundings of large ships when 
they pass certain constricted sections of the canal. 


Section 6. Tue Trarric THrouGcH THE CANAL 


_ (16) Part V contained in the Short. Range Study Report of 1957 
includes. a complete discussion, of the future capacity requirements. of 
world commerce, The operation of the canal from 1946 through 1956 
showed an increase of about 395 transits per year, but since 1952 a 
somewhat lower but constant growth rate of an increase of 250 transits 
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er year has taken place. Appendix A of the Short Range Study 
Report of 1957 contains a forecast of canal traffic for the fiscal years 
1957-61. The estimated number of oceangoing ships to transit the 
canal during this period, as contained in appendix A, is as follows: 


Estimated number of oceangoing ehpe to Spratt poem Canal, fiscal years ending 
une 30, 195 


Statistically projected Projected required 
aeres¢ daily lockage capacity ! Present available lockage capacity * 
transits 


Total Clear euts | Lockages | Daylight Critical condition Capacity Deficits 
clear cuts 
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> OF Gr Ye se pe abe 99 09 G0 0 09 BO BOND 
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23. 
23. 
24. 
24. 
24. 
a. 
25. 
25. 
25. 
25. 
26. 
26. 
26. 
27. 
27. 
27. 
27. 
28. 
28. 
28. 


BRE SLRESSERS 


Atlantic overhaul. __ 


1 Based on chart No. 1, adj 


, adjusted. 
2 For uniformity all capacities are with present towing locomotives. New towing locomotives are expected 
to be available in 1961. 


(17) Using the short-range forecast as described above, as a guide, 
being modified by past experience and past traffic statistics resultin 
from the operation of the Panama Canal, a long-range forecast o 
oceangoing transits was made by the Panama Canal Company, and 
included in the Short Range Study Report of 1957, identified as chart 
No. 1. The annual totals for the fiscal years 1957 through 1976 
shown in chart No. 1, converted to daily averages, are presented in 
the following tabulation. This tabulation also sets forth the projected 
lockage capacity required during the fiscal years 1957 through 1976, 
along with the present available lockage capacities. 

(18) The Short Range Study Report of 1957 indicates that the 
ships arriving each day for transit through the canal are not constant. 
During the fiscal years 1955 and 1956 the number of oceangoing ships 
varied between a minimum of 12 and a maximum of 38 ships per day. 
In providing for the future capacity of the canal, consideration must 
be given to its adequacy in order to accommodate the volume of 
traffic which will present itself for transit on a peak day. If sufficient 
capacity does not exist above the annual daily average number of 
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transits per year, a large number of holdups and other delays to 
shipping will occur. 

(19) ‘The Short Range Study Report of 1957 sets forth the following 
dependable lockage capacities, based on 24-hour operation, of the 
Panama Canal, using present towing locomotives: 


Number of daylight clear cuts 


Critical condition 


Normal (i. e. no overhauls): Gatun 
— — overhaul: Cylindrical 


, without relays 
Pedro M: ° 


locks overhaul: Miter gates out, single lane, double cul- 
vert, without relays. 

Miraflores | locks overhaul: Miter gates out, single lane, double culvert, 
with relays. 


(20) The Short Range Study Report of 1957 contains the following 
estimated dependable capacities of the canal, based on 24-hour opera- 
tion, using new towing locomotives: 


Number of daylight clear cuts 


Critical condition 


Section 7. Tue SHort Rance PrRoGRAM or 1957 ror THE 
IMPROVEMENTS TO THE PANAMA CANAL 


(21) Part VII of the Short Range Study Report of 1957 sets forth 
a list of improvements which were taken into consideration by the 
Panama Canal Company when the Short Range Study Report of 
1957 was developed. These improvements were as follows: 

(22) -Project A: The seo of the Cristobal anchorage.—In order 
to increase flexibility of harbor operations at the Cristobal anchorage 
approval was given by the Board of Directors of the Panama Canal 
Company in 1954, for the deepening of this poy, to 40 feet, in 
order to provide 5 anchorages and a turning area. This project was 
estimated’ to cost $2,475,000. The funds for this improvement were 
included in an —— budget. This work will be completed during 
1958. (Nors.—This project is under construction.) 

(23) Project B: The teaming of Bend 1868.—This project originally 
consisted of the removal of the point of land on the east bank of the 
canal as shown on the photograph contained in this report and identi- 


57677 O—60——-20 
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fied as exhibit No. 5, and on plan identified as exhibit No. 5A. Cur- 
rent study by the Panama Canal Company indicates that more exten 
sive widening and a greater increase in safety of the canal operations 
can be obtained by ye ne the same amount of money by excavat~, 
ing the west bank. In 1945, the board of directors approved this 
operation. This project was started in 1958, and is expected to be 
completed in 1959, It will involve 1,280,000 cubic yards of excava- 
tion, and a cost of $1,800,000. (Nore.—This project is included in a 
current pope ; funds have been budgeted.) 

(24) Project C: Purchase of additional locomotives.—This project 
involves the purchase of new locomotives consisting of either 5 addi- 
tional LeTourneau-type locomotives, or 9 additional locomotives of a 
type similar to the present locomotives. The Short Range Study 

eport of 1957 concludes that the theoretical capacity of the cenal 
will be increased by the uisition of the additional locomotives, 
especially during the overhaul period at Gatun locks. (Notrs.—This 
project is included in a current program; funds have been budgeted.) 

(25) Project D: Improved lighting of the canal.—This project con- 
sists of improved lighting for the locks, and for lighting the Gaillard 
Cut. (Nors.—This project is included in the short-range program 
and it will be discussed later.) 

(26) Project E: Mooring facilities north of Pedro Miquel locks.— 
This project consists of the installation of mooring facilities on the 
east bank of the canal north of Pedro Miguel locks to permit the ships 
which are raised through Pedro Miguel locks to tie up at the mooring 
station to wait for traffic to resume transit through the cut. (Nots.— 
This project is included in the short-range program and it will be 
discussed tater.) 

(27) Project F: Widening Gaillard Cut to 560 feet.—This project 
consists of the widening of the Cucaracha-Paraiso Reaches of the 
Gaillard Cut to 500 feet; and this project is proposed by the Panama 
Canal Company in order to increase safety of navigation, capacity, 
and flexibility of operations. (Nots.—This project is included in the 
short-range program and it will be discussed later.) 

(28) Project G: Widening Bend 1660.—This project consists of the 
widening of Bend 1660 and is necessary in order to accommodate 
deeply ladened vessels and “superships” difficult to maneuver around 
Bend 1660 because of “bank suction” which creates a navigation 
hazard. (Norse.—This project is included in the short-range program 
and it will be discussed later.) 

(29) Project H: Deepening Gaillard Cut and Channel of Gatun 
Lake.—The existing bottom of Gaillard Cut is approximately at eleva- 
tion plus 40. Navigation requires that a minimum depth of 42 feet 
of water be maintained, and therefore the surface elevation of Gatun 
Lake cannot be permitted to drop below elevation 82. The Short 
Range Study Report of 1957 indicates that it might be desirable to 
deepen the bottom of Gaillard Cut-and the channel in Gatun Lake 
by 3 feet, thus bringing the elevation of the lake bottom from 40 down 
to elevation 37. The Short Range Study Report of 1957 goes on to 
say, with the channel deepened 3 feet, it would then be possible to 
take the lake level down to elevation 79 during the dry season, thus 
providing more usable water for lockages and for generating power. 
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(30) The following is quoted from the Short Range Study Report 
of 1957 for Improvements to the Panama Canal: 


Since Gaillard Cut is made eet entirely of rock; both widening and 
deepening are done by drilling, blasting and mucking. If deepening of a given 
section is encoapilahed simultaneously with the widening of that section, the extra 
depth is obtained by merely drilling a little deeper and using a little more explo- 
sives, with very little increase in time of operation of either the drill barge or 
dipper dredge. If, however, deepening is done after widening has been completed, 
it is yom et me drill and blast a second time and the cost of this additional opera- 
tion drastically increases the cost of deepening. The relative costs of deepeni 
by the two methods are summarized with deepening of the present existing channe 
as an. (Nore.—This project is not included in the short-range construction 
project): 


tne following is.also quoted from the Short Range Study Report 
of 1957: 


Total costs of deepening to elevation 37 of the existing channel plus all proposed 
widening projects would, therefore, be about $11,473,000 if widening projects are 
initially carried to elevation 37 depth and. $12,857,000 if deepening of these 
projects is accomplished after widening. 

(30a) Comment.of board of consultants~—There are several other 
practicable means for deepening the water for navigation purposes, 
such as maintaining the minimum water level in Gatun e above 
elevation 82 feet. At present the board of consultants has insufficient 
material for presenting analyses of.the several methods, 

(31) Project I: Widening Bends .1366 and 1450-N.—There are 
islands or points of land immediately adjacent to the boundaries of 
Bends 1366 and 1450—-N, which hinder visibility in the canal. The 
removal of these obstructions will ease the curvature of the canal and 
improve pale, There are 1,770,000 cubic yards of excavation, 
costing $2,137, involved at Bend 1366, and 290,000 cubic yards 
of excavation invol 


ved at Bend 1450-N, costing $456,000. (Notn.— 
This project is not included in the short-range construction program 
of 1957 for improvements to.the Panama Canal.) 


(32) Project J: The im to the approach of Miraflores 
locks.—This foie involves cutting back the west bank of the canal 
slightly seat of Miraflores locks. The purpose of this project is to 
improve the existing hazard presented the west bank, in south- 
bound transits leaying Miraflores locks. This project involves 
350,000 cubic yerds of excavation, at a cost of $500,000. (Norz.— 
This project is not included in the short-range construction program 
of 1957 for improvements to the Panama Canal.) 

(33) Project K: The improvements to the channel inthe vicinity of 
fuel dock No. 4.—Fuel dock No. 4, located at Balboa, projects into 
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the main channel of the canal and creates a hazard resulting from the 
wave action of passing ships. This condition could be corrected either 
by cutting back the west bank of the canal channel opposite dock 
No. 4, to provide more room for passing ships, or by abandoning 
dock No. 4 as a fuel dock and rehabilitating dock No. 7; which is 
further removed from the channel and almost perpendicular to it. 
Cutting back the west bank of the canal channel would involye 
800,000 cubic yards of excavation at a cost of $2,480,000. Rehabili- 
tating dock No. 7 would cost $1,060,000. (Norre.—This project is 
not included in the short-range program of 1957 for improvements to 
the Panama Canal.) 

(34) Project L: Closing the openings in the north amen wall of 
Gatun locks,—The north approach wall at Gatun locks is built on 
piling and on piers, thus permitting water from the center culvert 
to spill out-of one lane of the locks, resulting in a current in the other 
approach channel. To correct this condition, it would be necessary 
to close the openings in the north approach wall and to install a regu- 
lating valve in the center culvert. This would permit the discharge - 
of water in the same side of the wall as the lane own which it comes. 
The estimated cost of this project is $482,000. (Notre.—This project 
is not included in the short-range program of 1957 for improvements 
to the Panama Canal.) 

(35) Project M: Widening the Pacific entrance to the canal.—The 
dredged channel from the Pacific Ocean to Balboa Harbor is 500 feet 
wide, and there are usually strong cross currents and cross winds in this 
vicinity. The effective width of the canal for handling ships is reduced 
by 20 to 25 percent. because of this condition. A  600-foot wide 
ihannel would reduce the hazrds created by currents and winds, anda 
minimum width channel of 550 feet could be maintained during low 
tides. This project involves 1,007,000 cubic yards of excavation at an 
estimated cost of $652,000. (Norre.—This project is not included in 
Sei program of 1957 for improvements to the Panama 

anal.) 

(36) Project N: The Trinidad Dam.—Part VI of the Short Range 
Study Report of 1957 for the Panama Canal Improvements includes a 
study and discussion of the water-supply requirements for the canal. 
The Short Range Study Report of 1957 indicates that the present 
water supply is inadequate during a dry season to meet all of the re- 
quirements. The construction of a dam to separate the Trinidad arm 
of Gatun Lake from the rest of the lake would create additional water 
storage, and it would also provide additional flood-storage capacity. 
The spillway crest of this dam would be at elevation 95, and it would 
create an additional storage of 309,550 acre-feet or about 28 percent 
of the present usable storage. The estimated cost of this project is 
approximately $33,871,000. (Nors.—This project is not included in 
S e Sete program of 1957 for improvements to the Panama 

anal. 

(36a) Comment by board of consultants—The Trinidad Dam, re- 
ferred to herein, is an adaptation of a diversion structure in the sea- 
level-canal studies. (See appendix 9, fig. 45 of 1947 report.) For 
purposes of augmenting water supply, flood control, and better regula- 
tion of water levels in Gatun Lake, a more suitable location and water 
level in a new reservoir could be found. Also, there are other dam 
sites which might better serve this purpose. At present, the board of 
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consultants does not have sufficient material for presenting an analyses 
of the several sites which might be considered for reservoir purposes. 

(37) Project O: Removal of SIP-9.—During World War iI, a frame- 
work and railroad trestle, referred to as SIP~9, were constructed up- 
stream from Gatun Dam to provide means for installing an emergency 
steel-plate dam in the event of damage to Gatun Dam. The Short 
Range Study Report of 1957 indicates that this emergency dam is no 
longer necessary and that it could be removed. This is estimated to 
cost approximately $350,000. (Nore.—This project is not included 
in me short-range program of 1957 for improvements to the Panama 
Canal.) 

(38) Project P: The modification of locks for mitergate overhauling.— 
The locks are overhauled every 5 years, and during this period it is 
necessary that 1 lock be dewatered and is therefore out of eniretioni: 
During this period, at Gatun Locks, only 1 lane is in service for 3 to 
4 months, and during the overhaul period on the Pacific side, 1 lane 
operation is required for 5 to 6 months. Studies have been made to 
develop a procedure whereby. the miter gates might be overhauled in 
a separate repair yard, using spare miter gates during the overhaul 
pe The following is quoted from the Short Range Study Report 
of 1957. 


(1) Miter gate modifications.—This involves changes in yoke, pintle, and sill 
seal of the gate and the attachment of lifting lugs to the gate. Phe lifting lugs 
have been designed but not installed and the studies on seal and yoke are about 
5 percent completed. 

(2) Gate-handling equipment and procedure.—The oguinreens and procedure for 
removing a gate with the floating crane has been roug out but not completed, 
About 75 percent of the equipment has been designed and a small amount has 
been manufactured as part of SIP-10 during the war. 

(3) Gate-repatr yard.—This special gate-repair yard has not been designed but 
a site has been pro near Gatun locks, where the dock can be flooded or 
drained by gravity thus eliminating the need for pumps. 

(4) Emergency dam-overhaul procedure.—No work has been done on a new over- 
haul procedure for the emergency dam, but it is believed that a procedure can be 
developed that will reduce the chamber outage time to 10 days or less. 

(5) Side-wall bulkheads and slots.—The bulkheads and slots for the access 
tunnels to the side-wall culvert have been designed but not built. The bulkheads 
and slots for the drainage culvert have not been designed. These are to permit 
overhaul of side-wa.i culvert valves without taking a chamber out of service. 


Section 8. Conctustons Conrainep in SHort Ranoe Stupy 
Report or 1957 


(39) The conclusions which were reached as a result of the 1957 
study by the Panama Canal Company, and as contained in part X 
of the Short Range Study Report of 1957 are as follows: 


A, General 


The limitations to handling safely and efficiently the increased traffic projected 
for the next two decades are found to be as follows: 

1. Lack of sufficient illumination of the lock chambers and working areas at 
the locks, which prevents safe navigation of large ships into locks after dark, and 
which requires the scheduling of so-called daylight clear cuts. 

2. Lack of illumination of the channel and banks in Gaillard Cut, which pre- 
vents safe passing at night and, therefore, pause oneway traffic at night. 

3. Lack of width of channel in Gaillard Cut, which prevents safe passing of 
many vessels and requires their being scheduled as ‘‘clear cuts.” 
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4. Lack of holding stations north of Pedro Miguel for vessels waiting for south. 
bound vessels to clear the cut. 
B. Capacity 

1. Astudy of table XVI reveals that procurement of 27 new locomotives by 1961 
and accomplishment of projects C, D, and E (5 additional locomotives, improved 
lighting, and mooring facilities) by 1963 will increase capacities sufficiently to 
meet requirements of world commerce until 1976. 

2. The only project investigated which will be adequate to meet cea 
requirements beyond 1976 is project P (modify locks for miter-gate overhaul). 
Due to the high cost and availability of less expensive means discussed in “1” 
above, this project is not considered ae queiies at this time. However, 
a method o eliminating or reducing outage e due to miter gate add emergency 
dam overhaul will have to be developed to meet long-range capacity uirements 
of the eanal, unless the lock system of the canal is reconstructed or the present 
canal is goptaced by a sea-level canal in the meantime. However, $300, has 
been included in the fiscal year 1958 operating budget to be used for experimenta- 
tion to develop definite procedures for erated overhaul of miter gates and 
emergency dams. e 
C. Safety of operations 

1. Although all projects discussed as needed to improve safety are highly 
desirable, and should completed as time and funds become available, the 
following em to be the most essential: 

(a) Widen Bend 1868 {Project BR: 
(6) Widen Bend 1660 (project G). 
(ec) Widen Paraiso-Cucaracha Reaches (project F-1). 

2. All widening projects should include excavation to PLD plus 37, not only 
to save on costs of any future deepening of the entire channel, but also as an 
immediate aid to safety of navigation. 


D.._ Water supply and flood control 


1, It is not considered essential to accomplish any projects at this time, other 
en the syrrantly budgeted telemetering system, to improve water supply or 
ood control. 


2. Should the need arise at a later date, deepening of Gaillard Cut and Gatun 
Lake Channel appears to offer the most advantages. 


(39a) Comments of board of consultants—For maintaining deeper 
water for navigation purposes, the Gatun Lake level could be held 
at a higher minimum than elevation 82 feet, by decreasing power 
production at Gatun, by building a new reservoir, by pumping sea 
water, or by a combination of these methods, 

E. Funding and scheduling 

1. The estimated costs of projects which are considered feasible and essential 
to meet the immediate requirements of world commerce are: 

Project Funds required 


Project C: 5 additional locomotives 

Project D: Improved lighting 

Project E: Mooring facilities, north Pedro Miguel 

Project F—1: Widen Paraiso-Cucaracha Reaches 
($13.409—$1.8 of project B) 

Project G: Widen Bend 1660 


1 Already budgeted. 


2. As diseussed_in part VIII, it is anticipated that a cumulative balance. of 
$19 million from Panama Canal Sat source will be available for waterway 


improvements through fiscal year 1962: The above projects, therefore, can be 
accomplished by 1963, as required to meet projected requirements of world 
commerce, without outside funds. A pro construction schedule to accom- 
plish the projects (using hired labor for all dredging and contract labor for dry 
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excavation and other work) is shown.in chart 10. Obligations and expenditures 
required by year are— 


Obligations Expenditures 


Section 9: Discusston or THE SHoRT-RANGE Procram Rscom- 
MENDED IN THE Report or 1957 


(40) Projects now under consideration——The projects now under 
consideration for improving the Panama Canal, and which are recom- 
mended: in the short-range program, are as follows: 

treiech D: Improved lighting in the Gaillard Cut.and at the 


Project E: Moses facilities north of Pedro Miguel locks. 
Project F-1; Widening the Paraiso-Cucaracha Reaches of 
aillard Cut to 500 feet. ; 
Project G: Widening the canal at Bend 1660. 
The following discussion covers each of the four projects included 
in the short-r program of 1957. 
(a) Project D: Improved lighting in the Panama. Canal: This 


roject consists of improved lighting for the locks, and for Gaillard 


ut. The original-lighting at, the locks consisted of concrete stand- 
ards 30 feet high with reflectors... This original lighting system was 
removed during World War II to allow clearance for the flight decks 
of aircraft carriers, and was replaced by temporary pipe standards 
with reflectors. Perimeter fence lighting was installed in 1953 at all 
locks to improve security. It appears that this latter addition creates 
a glare which interferes with the navigation of ships approaching the 
locks. The combination of inadequate lock lighting, and the glare 
from the perimeter fence, results in a hazardous condition during 
darkness. Because of this situation many ships are required to 
complete their passage renee the locks during daylight hours. A 
lighting consultant from the Office of the Chief of Engineers has stud- 
ied the problem, and it has also been studied by the Engineering and 
Construction Bureau of the Panama Canal Company. . As a result of 
these studies, the recommendations have been made in the Short 
Range Study Report of 1957, 

The hazards of a ship transiting the Gaillard Cut are accentuated 
after nightfall. Under present conditions no ship, regardless of its 
size or cargo, is permitted to pass another vessel in Gaillard Cut during 
hours of darkness. This results in pan delays to shipping and a 
reduction in the capacity of the canal. The capacity of the canal 
could be increased if the cut were lighted to provide safer nighttime 
operations. ‘The consultant from the Chief of Engineers recommended 
the installation on the banks of the canal of 20,000 lumen shielded 
mercury vapor luminaires mounted on 35 feet high standards and 
spaced approximately 225 feet.. The Engineering and Construction 

ureau of the Panama Canal Company has developed a lighting sys- 
tem for the Gaillard Cut consisting of 20,000 lumen nonshielded 
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fluorescent luminaries mounted on standards approximately 30 feet 
high and spaced 300 to 400 feet on centers. The installation of this 
system would cost about $730,000 and the operating cost would be 
approximately $300 per month. (See exhibit No. 10.) The cost of 
installing the lock hghting is estimated at about $820,000 and a 
monthly operation cost of $720. (See exhibit No.9.) The total cost 
of lighting would therefore be $1,550,000, and the total monthly 
operation cost is estimated to be $1,020. 

Lighting both the Gaillard Cut and the locks would improve the 
safety of canal operations, and would increase the capacity of the canal 
by reducing the number of daylight clear-cut ships and by permitting 
2-way traffic in the Gaillard Cut during darkness, thus making 24-hour 
operation possible. 

(6) Project E: Mooring facilities north of Pedro Miguel locks: 
This project consists of the installation of mooring facilities on the 
east bank of the canal north of Pedro Miguel locks, in order to permit 
ships which are raised through the Pedro Miguel locks to tie up at a 
mooring station and to wait for traffic to resume transit through — 
Gaillard Cut. Any ship which is raised at Pedro Miguel locks, and 
a clear-cut ship is proceeding ‘south in the cut, cannot proceed until 
after the southbound clear-cut ship has passed completely through 
the cut, and enters the locks. Furthermore, when a heavy fog occurs 
in Gaillard Cut, it becomes necessary to stop all traffic in the cut until 
the fog lifts, and at the same time the Pedro Miguel locks must sus- 
pend northbound’ operations. If mooring facilities were available 
on the east bank of the canal north of P. Miguel locks, the locks 
could continue to oe during the delays, because the ships which 
are raised in the Pedro Miguel locks could tie up at the mooring station 
to await traffic to resume in the cut. At the present, the lock- 
approach walls and locking chambers are used for this purpose. This 
method, however, does not provide sufficient storage capacity. The 
Short Range Study Report of 1957 indicates that a mooring station to 
handle southbound traffic need not be considered for construction at 
this time. The Short —_ Study Report of 1957 furthermore states 
that a mooring station with a capacity for two ships is needed on the 
east bank for use of northbound ships. The location of this moori 
station project is shown in photograph exhibit No. 4, and a ro 
sketch of the station is shown on exhibit No. 4A. The mooring 
station would be constructed by excavating an area beyond the prism 
of the channel and by installing 10 caissons and 25 bollards. It is 
estimated that the project would involve the following quantities and 
construction costs: 


Excavation 
Bollards 


The mooring stations at Pedro Miguel locks will improve the flex- 


aa of the canal operations, and it will increase its capacity to handle 
traffic. 
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(c) Project F: Widening Gaillard Cut to 500 feet: This project 
consists of the widening of the Paraiso-Cucaracha Reaches of the 
Gaillard Cut to 500 feet in order to increase safety of navigation and 
flexibility of canal operations. The Short Range Study Report of 
1957 states that during the past 2 years the Panama Canal began to 
get its first.experience with “superships.”” During this 2-year period 
there were 7 transits through the canal by ore ships, with a beam of 
98 feet 5 inches, a length of 735 feet 6 inches,.and with a fresh-water 
draft of 36 feet. One of these ships collided with the bank of the canal 
in the Paraiso-Cucaracha Reach. During this same pened 1 large 
cargo ship, 1 large tanker, and 1 supertanker also collided with the 
bank in this same reach of the canal. Over the years, experience has 
shown that every channel widening or improvement program has 
resulted in a decrease in the number of accidents in the area which 
was improved. Since 1952, when the widening to 500 feet of the 
stretch identified as the Culebra Reach was completed, there have 
been 17 accidents in Gaillard Cut, but none in. the Culebra Reach. 
The Canal Zone Pilots Association has recommended that widening 
of the Paraiso-Cucaracha Reach to 500 feet should be given immediate 
and urgent priority to increase the safety of the canal. This associa- 
tion further recommends that the widening of Empire Reach to 500 
feet should be given second priority. 

The Culebra Reach and the Chenin Crossing Reach of Gaillard 
Cut are now approximately 500 feet wide. All other reaches in the 
cut are 300 feet wide. Since the Paraiso-Cucaracha Reaches are where 
most of the accidents have occurred, the widening of these reaches is 
definitely a logical first step in this program. The areas to be exca- 
vated in these reaches are shown in the photograph in exhibit No. 6, 
and in plan on exhibit No. 6A. The estimated cost of widening the 
Paraiso-Cucaracha Reaches, identified as project F-1 in the Short 
Range Study Report of 1957, is $11,609,000, and embraces 6,410,000 
cubic yards of excavation. This project, as listed on page 45 of the 
Short Tonk Study Report of 1957, sets forth the total cubic yards to 
be excavated in project F-1 at 7,690,000, at an estimated cost of 
$13,409,000. These 2 figures, however, include 1,280,000 cubic yards 
of excavation at a cost of $1,800,000, which is included in project B 
(widening of Bend 1868). The funds for the widening of Bend 1868 
= been budgeted and the work at this bend is now nearing com- 
pletion. 

The widening of the Paraiso-Cucaracha Reaches of the Gaillard 
Cut would increase the capacity of the canal, its flexibility of opera- 
tion, and the safety of navigation. 

_ d) Project G: Widening the canal at Bend 1660: This project con- 
sists of widening Bend 1660, as shown on photograph in exhibit No. 7, 
and on plan on exhibit No. 7A. This project is needed in order to 
accommodate deeply laden vessels and “‘superships” difficult to 
maneuver around Bend 1660 because of bank suction, which in turn 
creates a navigation hazard. It is proposed to widen the approaches 
of Bend 1660 so as to provide more channel in which to maneuver 
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vessels entering and leaving the bend. The estimated quantities of 
excavation involved and the cost thereof is estimated to be as follows: 


ep tes000 yards ($2,475,000) of this is included in project F-2; and 888,000 yards ($1,670,000) of it is im 
a 19,000 yards ($35,000) of this estimate is included in project F-2, and 15,000 yards ($28,000) of it is included 
pro: . 


Section 10. Tue Estimatep Cost or THE SHortT Rance PRoGRAM 
AND THE FuNnDING THEREOF 


(41) Estimated cost of construction —The estimated cost of the im- 
provements to the Panama Canal covered by the recommendations 
set forth in the Short Range Study Report of 1952, is as follows: — 


Project D: Improved 'ighting at the locks and through the Gaillard 
ut $1, 550, 000 
Project E: Mooring facilities north of Pedro Mi 
Project F-1: Widening the Paraiso-Cucaracha Reaches 
(Excluding project B—Bend 1868. Sufficient funds are 
already appropriated for project B.) 
Project G: Widening Bend 1660 


(42) Cash availability—The Short Range Study Report of 1957 
indicates that the Panama Canal Company, since its establishmefit 
in 1957, has been able to fund its capital improvements and all operat- 
ing cost out of corporate earnings. In ey & eee of the 
availability of cash for the capital program outlined herein, the fol- 
lowing assumptions have been made by the Company: 


(a) The net cost of Canal Zone Government will remain generally stable, 

(b) Toll rates will remain sane 7 on 

(c) The Company will be required to increase by approximately $15 million 
the transfer value of assets included in the valuation report, with result 
retroactive liability for interest payment of $2 million for the 5 years en 
pre 30, 1956, and an increase. of $375,000 in annual interest charges there- 

ter. 

(d) The Company will be required to bear the $1.5 million increasé in the 
annuity to Panama under the 1955 treaty, the increase for the first year 
being charged to prior years’ operations. 

(e) With respect to the conveyance of properties to Panama in 1943, the 
Company will be required to adjust the interest-bearing portion of the 
Government’s investment to reflect only the costs of the assets so transferred 
rather than the appraised value of those assets. 

(f) The Company will operate at a modest profit, or, at worst, break even, 
with all rises in costs being offset by additional revenue from increased traffic 
and other sources and by economies in operations. However, in view of the 
projected increases in operating costs as indicated under (c}, (d),; and (@,; 
it is problematical whether these operating results can be achieved. 

(9) Inventories will not very. eppessialsy from their current level. 

(A) The installment proceeds from the sale of the steamship Panama will 
be collected on schedule. 

(i) Depreciation costs will remain stable, as capital additions will be 
at offset by capital retirements. 

(j) The $10 million emergency fund will be paid in to the United States 
Treasury and borrowing authority substituted therefor. 
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(k) The Company will draw no funds from the Treasury eecuge appro- 
priations or otherwise, and will make no capital repayments to the Treasury. 
The ee cash balance at the end of fiscal year 1957 is estimated to be 
approximately $30.2 million. Allowing $5 million for cash working funds and 
$6.5 million for anticipated extraordinary cash payments to the United States 
Treasury, a balance of $18.7 million will be available at the beginning of fiscal 
ar 1958. Cash inflow for 1958, estimated at $8.8 million, less expenditures of 
) $16.4 million during 1958, leaves a balance of $11.1 million available for the capital 
program at the beginning of fiscal year 1959. The following table provides an 
estimate of the amount and source of cash inflow that will be available for plant 
improvements. 
Net cash inflow 


; {In millions] 





= SS = 


(43) The Panama Canal Company has developed a schedule 
showing the availability of funds for waterway improvements. This 
schedule is contained in the Short Range Study Report of 1957, and 
identified as table XIV, a copy of which is included in this report and 

t 


identified as exhibit No. 13. is proposed to accomplish the financing 
required to carry out the short-range program through funds which 
can be expected to be available to the Panama Canal Company from 
normal sources of revenue without ae appropriations. A 
detailed analyses of the expected availability of funds is contained in 
appendix B of the Short Range Study Report of 1957, and it indicates 
that ene $19 million will be available from fiscal year 1957 
through fiscal year 1962 for the canal improvements which are 
outlined herein. 


SSO ORL Oe Oe eee 


: Section 11. Discussion or Wipentne Cana To 500 Fert UnpEr 
; Progects F-2 (Emprre Reacu) anp F-3 (Las Cascapas-Bas 
Osseo REACHES) 


: | (44) The following projects contained in project F, titled “Widening 
r Gaillard Cut to 500 Feet,”’ as shown in the Short Range Study Report 
of 1957, are not included in the immediate recommended program. 





Yardage Cost 


Project F-2: } 
Widen Em Ss tb civcntnéndnncgtehiih phembettadetheihenituiacadtl 6, 646, 000 1 $12, 525, 000 
i Deepen PD on ccvisigh tiie Mahiagik dL sikipabibeddsp elite 110, 000 1 205, 000 


Tote; pnbete POA sine cnds icin nndnocdbbihdcancececcishbane 6, 756, 000 1 12, 730,000 
Project F-3: 2 

Widen Las Cascadas-Bas Obispo. .................-..-.----....--...- 12, 216, 000 2 22, 967, 000 

Deepen widened sections 337, 000 3 633, 000 


? 23, 600, 000 


ee en ae ne ee eee eens ce eee ewe e nen nnes 


2 Se eo cond ele Oi i ee 12, 553, 000 








i cain 1,325,000 yards ($2,475,000) of the widening and 19,000 yards ($35,000) of the deepening of project 

ive. 

tes 888,000 yards ($1,670,000) of the widening and 15,000 yards ($28,000) of the deepening in project 
ive, 
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(45) The widening of the Empire Reach and the Las Cascadas-Bas 
Obispo Reaches are recommended by the Panama Canal Pilots Asso- 
ciation and are highly desirable for inclusion in a future program, 


Section 12. Towtnae Locomorives 


(46) The board of consultants does not have sufficient background 
information on the towing locomotives, proposed to be acquired, to 
comment or to discuss this feature of the program. 


Section 13. List or Exuipirrs ConTainep IN Tuis Report 


Exhibit No. 1. 


Exhibit No. 
Exhibit No. 


wb 


Exhibit No. 4. 


Exhibit No. 


Exhibit No. 5. 
Exhibit No. 


Exhibit No. 6. 
Exhibit No. 6A. 


Exhibit No. 7. 
Exhibit No. 7A. 
Exhibit No. 8. 
Exhibit No. .9. 
10. 


Exhibit No. 


Exhibit No. 


Exhibit No. 


Exhibit No. 





4A. 


5A. 


. Analysis of Canal 


. Summarizin 


13. 


Map of Panama Canal, 1957—Between the Atlantic and Pacific 
Identifying “‘Reaches in the Canal’ and “Bends in the 
Canal’’—(Cost. data on projects added by the Board of 
Consultants on the Isthmian Canal Studies.) 


. Profile Along Panama Canal. 
. Cross Section Through Panama Canal, Showing Widening and 


Deepening as Proposed in the Short Range Improvement 
Program. 

Photograph of Mooring Station, North of Pedro Miguel Locks, 
East Bank (from 1957 Short Range Study Report of Panama 
Canal Improvements). 

Plan of East Paraiso Mooring, North of Pedro Miguel Locks— 
Layout of Mooring, Abutments, and Bollards (from 1957 
Short Range Study of Panama Canal Improvements). 

eo of Widening of Canal at Bend 1868 (from 1957 
Short Range Study of Panama Canal Improvements). 

Plan of Canal Improvements Widening to 500 Feet at Bend 
1868 (from 1957 Short Range Study of Panama Canal Im- 
provements). 

Photograph of Widening Canal in Gaillard Cut Through the 
Paraiso and Cuecaracha Reaches (from 1957 Short nge 
Study of Panama Canal Improvements). 

Plan of Canal Improvements, Widening to 500 Feet Through 
Gaillard Cut at the Paraiso-Cucaracha Reaches (from 1957 
Short Range Study of Panama Canal Improvements). 

Photograph of Widening Canal at Bend 1660 (from 1957 Short 
Range Study of Panama Canal Improvements). 

Plan of Canal Improvements, Widening at Bend 1660 (from 
1957 Short Range Study of Panama Canal Improvements). 
Photograph of Ship Passing Through Gaill Cut Between 

Contractors Hill and Gold Hill. 

Plan of Experimental Lighting at Pedro Miguel Locks (from 
1957 Short Range Study of Panama Canal Improvements). 
Plan of Experimental Lighting in Gaillard Cut Between 
Stations 1708 and 1742 (from 1957 Short Range Study of 

Panama Canal Improvements). 

perations—36 Lockages With Canal Im- 

provements and With Srueeioe Periods of Operation at 

Atlantic and Pacific Locks (from 1957 Short Range Study of 

Panama Canal Improvements). 

Construction Program, Dollar Outlay and Con- 

struction Procedures for Short Range Improvement Program 

of the Panama Canal (from 1957 Short Range Study of 

Panama Canal Improvements). 

Statement of Cash Available for Channel er (from 
1957 Short Range Study of Panama Canal Improvements). 











Exhibit No. 1. 


Exhibit No. 
Exhibit No. 


wr 


Exhibit No. 4. 


Exhibit No. _ 5. 


Exhibit No. 6. 


Exhibit No. 4A. 


Exhibit No. 5A. 


Exhibit No. 6A. 


Exhibit No. 7. 
Exhibit No. 7A. 
Exhibit No. 8. 
Exhibit No. .9. 
Exhibit No. 10. 


Exhibit No. 11. 


Exhibit No. 12. 


Exhibit No. 13. 
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(45) The widening of the Empire Reach and the Las Cascadas-Bas 
Obispo Reaches are recommended by the Panama Canal Pilots Asso. 
ciation and are highly desirable for inclusion in a future program, 


Section 12. Towtna LocoMmoTIvEs 


(46) The board of consultants does not have sufficient background 
information on the towing locomotives, proposed to be acquired, to 
comment or to discuss this feature of the program. 


Section 13. List or Exuipits ConTAINED IN Tus Report? 


Map of Panama Canal, 1957—Between the Atlantic and Pageifie 
Identifying ‘‘Reaches in the Canal’’ and ‘Bends in the 
Canal’’—(Cost data on projects added by the Board of 
Consultants on the Isthmian Canal Studies.) 

Profile Along Panama Canal. 

Cross Section Through Panama Canal, Showing Widening and 
Deepening as Proposed in the Short Range Improvement 
Program. 

Photograph of Mooring Station, North of Pedro Miguel Locks, 
East Bank (from 1957 Short Range Study Report of Panama 
Canal Improvements). 

Plan of East Paraiso Mooring, North of Pedro Miguel Locks— 
Layout of Mooring, Abutments, and Bollards (from 1957 
Short Range Study of Panama Canal Improvements), 

Photograph of Widening of Canal at Bend 1868 (from 1957 
Short Range Study of Panama Canal Improvements). 

Plan of Canal Improvements Widening to 500 Feet at Bend 
1868 (from 1957 Short Range Study of Panama Canal Im 
provements). 

Photograph of Widening Canal in Gaillard Cut Through the 
Paraiso and Cucaracha Reaches (from 1957 Short 
Study of Panama Canal Improvements). ; 

Plan of Canal Improvements, Widening to 500 Feet Tow 
Gaillard Cut at the Paraiso-Cucaracha Reaches (from I 
Short Range Study of Panama Canal Improvements). 

Photograph of Widening Canal at Bend 1660 (from 1957 Short 
Range Study of Panama Canal Improvements). 

Plan of Canal Improvements, Widening at Bend 1660 (from 
1957 Short Range Study of Panama Canal Improvements), 5 

Photograph of Ship Passing Through Gaillard Cut Between 
Contractors Hill and Gold Hill. 

Plan of Experimental Lighting at Pedro Miguel Locks (from 
1957 Short Range Study of Panama Canal Improvements). 
Plan of Experimental Lighting in Gaillard Cut Between 
Stations 1708 and 1742 (from 1957 Short Range Study of 
Panama Canal Improvements). 

Analysis of Canal Operations—36 Lockages With Canal Im 
provements and With Synchronized Periods of Operation a” 
Atlantic and Pacific Locks (from 1957 Short Range Study @ 
Panama Canal Improvements). 

Summarizing Construction Program, Dollar Outlay and , 
struction Procedures for Short Range Improvement 3 
of the Panama Canal (from 1957 Short Range Study @” 
Panama Canal Improvements). 

Statement of Cash Available for Channel Improvements (from 
1957 Short Range Study of Panama Canal Ymprovementa)ag 
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WIDEN BEND 1660 TO 500' 
2,377,000 CY.—$ 4,438,000 
SEE EXHIBITS 7 &7A 
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SEE EXHIBITS 9 & IO 
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COST $ 000 
EE OA) | SEE EXMIeITEdin 4A 
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COST HAS BEEN BUDGETED 
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SEE EXHIBITS 5 @ 5A 
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EXHIBIT No. 4 
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Mooring station, Pedro Miguel locks, east bank. (Note: Line marks bottom of 
prism line.) 
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EXHIBIT No. 5 


Widen Bend 1868. (Note: Line marks bottom of prism line. ) 





57 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 311 


ExuHisit No. 5A 
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ExHisit No. 6 


Widen Paraiso and Cucaracha Reaches. (Note: Line marks bottom of prism 
line. ) 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 313 


ExuHrBit No. 6A 
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(Note: Line marks bottom of prism line. ) 


Widen Bend 1660. 
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Exuisit No. 7A 
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EXHIBIT No. 9 
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NOTES: 
1. Improved Canal having adequate | ighti 
i} tard Cut widened south of ciebre 
2. Lockage Output - 18 Northbound, 18 Sout 
3. Number of Large Ships - 2 North, 2 Sout 
4. Number of Leckage Crews - 5 at Atlantic 


7 at Pacific . 
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ExuHit No. 13 
TABLE wo. XE 


STADDUOTT OF CASH AVALIABLE FOR CUAOT LDU ETS 


(All Pigures in Millions of Dollars) 


1959 1960 1961 1968 
ae a we (ae 
CASH: 
Cash available for capital expenditures, 
beginning of year 
Cash inflow 
Total Cash Available During Year- 
GAPITAL PROGRAM: 
Major approved projects 
locks conversion (less loco) 
Locks towing devices and cranes 
Pareiso Curve (Bend 1868) 
Conversion of power systes 
Switengear, Mireflores 
Modernize Balboa Heights, Admin. Bldg. 
Unclassified Additions and Replacements 
Major projects proposed for 1959: 
S Replace two (2) tugs 
Replace telephone cable (Gamboe-Gatun) 
Nousing, Margarita (Treaty) 
Comunity Center, Margarita (Treaty) 
Planned Puture Projects: 
Pacific housing replacement program 
Total Capital Program 
locks overhaul expenditures 
Total Expenditures Regular Progres 
freposed Channe) Improvements: 
Widen Paraiso-Cucarecha Reaches 
Pareiso moorings 
locks lighting 
Cut lighting 
Widen Bend 1660 
Tote) Channel Improvements 
Total Expenditures 
Add emergency fund 
Cash Available at End of Year 


Cash balance at 7/1/58 after deduction 
of working capital and interest liability 
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REVISION OF COST ESTIMATES 
for 
LONG-RANGE IMPROVEMENTS—1959 
prepared by 
PARSONS, BRINKERHOFF, HALL & MACDONALD 
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THE PANAMA CANAL COMPANY 


This Revision brings up to date the cost 
estimates originally included in the 
Isthmian Canal Studies—1947, as re- 
ported by the Governor of the Panama 
Canal in 1947 
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LETTER OF TRANSMITTAL 


Parsons, BRINCKERHOFF, Hatt & Macponap, ENGINEERS, 
New York, N.Y., December 18, 1968. 
Re Panama Canal improvement plans 1959 long range study. 
Maj. Gen. Witu1aM E. Porter, & E., U.S.A 
President, Panama Canal Company, 
Balboa Heights, C.Z. 


Dear Genera Porrer: In accordance with contract No. PC-2- 
549, dated April 28, 1958, we submit this report on our studies of 
certain improvement plans for the Panama Canal. Briefly stated, 
the objective of this report is to reexamine and up-date to a 1959 
price level the cost estimates for three prior long-range plans of im- 
provements, but with certain modifications as duewibed in the present 
report. 

The 1959 plan II is essentially the completion of the so-called third 
locks project, as originally authorized in 1939, but with certain modi- 
fications including channel improvements such as the widening of 
Gaillard Cut from its existing width of 300 feet to 500 feet. The cost 
of all construction and engineering is estimated to be $821,060,000 
with the shorter (La Pita) cutoff and $926,590,000 for the longer 
alternative (Empire) cutoff. The cost without either cutoff is 
$733,080,000. The proposed new, third lock chambers in this plan 
would be 140 feet wide and 1,200 feet long. 

The 1959 plan III is similar to the initial development phase of 
~ II as proposed in the 1947 Isthmian Canal Studies. It is also a 
ock-canal plan which, in addition to the channel improvements con- 
templated in the 1959 plan II and an additional 5 feet in channel 
depth, provides for a new, third lane of lock chambers 200 feet wide 
by 1,500 feet long. In addition, through the elimination of the exist- 
ing Pedro Miguel locks and the construction of an upper chamber for 
the existing Miraflores locks, this plan provides for raising the level 
of Miraflores Lake to that of Gatun Lake, thus consolidating the locks 
at the Pacific end of the canal. The total cost of all construction and 
engineering for the 1959 plan III, without either alternative cutoff, 
is $1,020,920,000. The addition of the shorter (La Pita) cutoff 
would increase the total cost to $1,130,310,000; the addition of the 
longer (Empire) cutoff would increase the total cost to $1,247,280,000. 
_ The above costs for plan III are those for three-lift locks. A saving 
in construction cost of about $15 million is indicated if the new 
locks were to be constructed in two lifts instead of three; however, 
5 are other factors to be considered in the selection of the number 
or lifts. 

The 1959 plan IV is substantially the same as the Panama sea-level 
canal plan of the 1947 studies. It contemplates the conversion of the 
existing canal to a sea-level waterway. Only the deep-dredging alter- 
native with the lowering of Gatun Lake to sea level in a single 7-day 
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period is considered in this report. The cost of all construction and 
engineering, excluding that of tidal regulating structures at the 
Pacific end, is $2,368,490,000. If such structures should be con- 
structed, this total cost would be increased to $2,537 million. 

It is estimated that, for plans II and III, approximately 2 years 
would be required between the date on which the project is authorized 
and the date on which work would begin under the first contract 
awarded. This period would be required for the design and prepara- 
tion of contract plans and specifications for the lock structures and 
also for the necessary borrowings and other exploratory work required 
for the locks and channel improvements. 

Although the engineering time for the preparation of contract plans 
and specifications might be expected to be less for plan IV than for 
plans II and III, the period prior to the actual start of construction 
at the site under the first contract would have to include an allowance 
for the manufacture and mobilization of many items of large-sized 
equipment not kept in stock by manufacturers. A total of 3 years 
has been allowed for plan IV between authorization of the project 
and actual start of construction in the zone. The total period from 
initial authorization to final completion varies from 9 years for the 
construction of basic plan II (without either cutoff) to 12 years for 
either plan III or plan IV. 

At your direction, we have not included in our cost estimates the 
legal and other costs that would be expended in the Company’s 
administration of any of the construction programs, nor other indirect 
costs that may be incurred as a result of the temporary increase in 
zone population during the construction period. It is understood 
that such costs will be estimated by you and included elsewhere in 
the overall report. 

It should be especially noted that the costs given in this report are 
based on 1959 price levels. No allowance has been made for the 
possible effects of future inflation. It is, however, reasonable to 
expect that increases in costs of labor, equipment, and materials will 
occur in the years between 1959 and the final date of completion. 
Such probable inflation introduces problems in the selection of the 
form of contracts to be used on work of this magnitude. This subject, 
as well as the size of contracts to be awarded, is discussed in section 
VIII of our report. 

Our studies involved the following procedures: 

1. Determination of the specific items of work to be included 
in the three plans proposed for improvement of the canal and 
their relation to corresponding plans of the 1947 studies. 

2. Preparation of preliminary designs for new or revised con- 
struction in sufficient detail for estimating purposes only. 

3. Calculation of quantities for the proposed construction 
wherever these were not furnished to us by the Company or 
were not available from previous reports. 

4. A review of construction methods proposed in the 1947 
studies that lead to the adoption of somewhat different methods 
for use in estimating costs for the 1959 plans. 

5. Preparation of cost estimates for the 1959 plans, based on 
unit prices developed from the proposed construction methods. 

For the purpose of becoming better acquainted with the problems 
of excavation and slope stability—particularly on the sea-level con- 
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version plan—we have consulted with several individuals who par- 
ticipated in the 1947 studies. Mr. Wilson V. Binger discussed with 
us the methods used for establishing stable side slopes for the channel 
sections, especially in the Cucaracha rock formations. Mr. E. J. 
Zegatra reviewed with us the calculations for the design of the em- 
bankments to be constructed over the Atlantic muck formation in 
Gatun Lake. Mr. Thomas F. Thompson discussed the geological 
formations that would affect the stability of side slopes for the sea-level 
canal. They furnished valuable information concerning the methods 
of analysis and conclusions reached in the 1947 studies. 

With your authorization, we made arrangements for the services 
of several well-known and able contractors to study excavation 
problems and prepare estimates of the cost of performing the channel 
excavation for the sea-level conversion canal. For the hydraulic 
excavation, including the deep dredging in Gatun Lake, the studies 
were made jointly by the Atlantic Gulf & Pacific Co., Gahagan 
Dredging Corp., and Standard Dredging Corp. Studies for all other 
channel excavation between Gatun and Pedro Miguel (except non- 
hydraulic rock removal for channel deepening in Gatun Lake and 
Gamboa Reach) were made jointly by Morrison-Knudsen Co., Inc., 
Peter Kiewit Sons Co., and Perini Corp. The work of these con- 
tractors, whose experience in heavy construction and large earth- 
moving operations is very extensive, has been most valuable. Inas- 
much as 80 percent of the cost of the sealevel plan consists of channel 
excavation, it is most essential that estimates of the cost of such 
excavation, requiring as it does an expenditure of nearly $2 billion, 
be based on the knowledge and experience of highly qualified con- 
tractors. Copies of the reports submitted to us by these contractors 
have been delivered to you. They contain much detailed information 
which has been carefully considered in the preparation of our report. 

In addition, Mr. M. Harvey Slocum, an eminent expert in heavy 
construction, has consulted with us and with the contractors and 
reviewed many of the features of the several reports. The current 
studies have been benefited by his extensive experience with the 
special problems to be encountered in carrying out the unprecedented 
operations in Panama. Mr. Slocum has submitted a separate report 
of his findings. 

On our own responsibility, we have sought the advice and assistance 
of the Merritt-Chapman & Scott Corp. in connection with the 
problems to be encountered in constructing the large structures for 
the lock-canal plans, the procedures to be followed, and the deter- 
mination of the unit costs that will apply to such structures. Their 
long experience in the successful completion of large structures of 
many kinds is well known and their assistance in this portion of the 
work has been of great value. 

_ The excellent cooperation and the valuable assistance of your staff 
in carrying out this assignment has been most outstanding. We 
have had the benefit of advice from and discussion with many of 
them during inspection trips to the canal by key members of our 
organization and during the several conferences held in our New York 
office and attended at various times by Col. John D. McElheny, 
vice president of the Company; Lt. Col. Robert D. Brown, Jr., 
Engineering and Construction Director; and Messrs. Roger M. Howe 
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and Wells D. Wright of Colonel Brown’s staff. These frequent 
wy throughout the progress of the work have been most 
elpful. 

It has not been within the scope of our services to consider or 
evaluate the relative advantages of the several 1959 plans. Ow 
report is therefore confined to factual data relating to construction 
methods and 1959 costs of plans II, III, and IV. 

This has been a most interesting engineering assignment, and we 
are grateful for the opportunity to assist the Panama Canal Company 
in the solution of some of its present problems that relate to long- 
range improvements of the canal. We hope that this report will be 
helpful and of value. 

Very truly yours, 
M. N. Quaps. 
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PANAMA CANAL IMPROVEMENT PLANS, 1959 
Long-Range Study 


REVISION OF COST ESTIMATES FOR LONG-RANGE 
IMPROVEMENTS 


Section I. INTRODUCTION 
1. Authorization 


The following report “Revision of Cost Estimates for Long-Range 
Improvements of the Panama Canal” has been prepared aad is sub- 
mitted in accordance with contract No. PC-2-549, dated April 28, 
1958, between the Panama Canal Company and the firm of Parsons, 
Brinckerhoff, Hall & Macdonald. (These two agencies are frequently 
referred to hereinafter as the Company and PBH & M, respectively.) 
2. Scope and purpose of present study 

The primary objective of this report is the presentation of the 
results obtained from a reexamination and up-dating of cost estimates 
ertaining to certain long-range plans for the improvement of the 

anama Canal as proposed in the “Isthmian Canal Studies of 1947.” 
In analyzing these previous cost estimates, due consideration has been 
iven to all changes affecting costs, including the following major 
actors: 

(a) The generally upward trend in construction costs since 1946— 
the base year for the 1947 studies. 

(6) Improvements affecting costs which have occurred in construc- 
tion methods and equipment since the 1947 studies. 

(c) Proper allowances for such canal projects and incidental work 
which may have been completed or undertaken by the Company 
neo to 1947 and prior to the date of this report—December 

58. 

(dq) The deletions from, or additions to, the present investigation, 
as directed, of certain alternative routes and plans as presented in the 
1947 studies, thus reducing the current cost analyses to three essen- 
tially different basic plans of improvement as hereinafter described. 
_ (e) The possibility of modifying any of the several basic plans of 
improvement, or combining certain features or parts thereof if obvious 
economic or operating benefits would result thereby. 

(f) Recent developments in the nuclear weapons field necessitating 
changes in military concepts as to the effectiveness and justification 
of conventional defense features such as dispersion, duplicate facilities, 
and bompproofing by use of armor and massive structures. 

It is understood that the construction cost estimates presented 
herein constitute but one phase of a comprehensive report being 
Prepared by the Panama Canal Company, which will include other 
aspects of a long-range program such as traffic forecasts, revenue and 
Dancing, operation Said camietealats. and other features. 
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Section II. Previous INVESTIGATIONS 


1. Studies prior to 1947 


Although various studies of the overall, or special, requirements 
of the canal have been made since its opening in 1914, only those 
investigations having a more or less direct relationship to the present 
problem of a long-range-improvement plan are referred to herein. 

When the canal was first placed in operation, it was considered to 
have adequate capacity to meet the demands of commercial and naval 
traffic for an indefinite period in the future. No substantial changes 
have been made in the canal except for the construction of Madden 
Dam on the Chagres River in 1935 in order to augment lockage water 
supply, reduce flood flows, and generate power. However, beginning 
in about the year 1929 increasing interest has developed as to the 
future role and requirements of this important waterway. Air war- 
fare developments of World War II intensified concern with regard 
to the military security of the canal and these defense aspects have 
received critical attention in recent studies. Some of the more 
important previous investigations and reports are briefly summarized 
as follows: 

(a) Third locks project—This designation applies to various pro- 
posals, the principal feature of which includes the construction of an 
additional lane of locks: parallel to, but larger than, the existing 
two-lane locks at Miraflores, Pedro Miguel, and Gatun. 

(1) 1929 study.—In accordance with a congressional resolution, 
approved March 2, 1929, the Governor of the Panama Canal 
submitted a report (H. Doc. 139, 72d Cong., 1st sess.) dated 
1932, which, in addition to presenting the results of a survey for 
a ship canal across the Republic of Nicaragua, recommended 
that plans for future developments should contemplate increasing 
oop of the Panama Canal by construction of a third set 
of locks. 

(2) 1936 study—Again in accordance with congressional 
action, approved May 1, 1936, the Governor of the Panama 
Canal submitted a report dated February 24, 1939 (H. Doc. 210, 
76th Cong., Ist sess.) which recommended the initial construction 
of a third set of locks at each of the three lock sites, and the 
ultimate conversion of the existing canal to a sea-level waterway. 

(3) 1939 study—By an act of Congress approved August 1], 
1939, construction of a third set of locks, as recommended in the 
above noted 1936 study, was authorized at a cost not to exceed 
$227 million. 

The locks were to be 140 feet wide, 1,200 feet long, and provide & 
navigable depth of 45 feet. The plans included protection, where 
feasible, against weapons then regarded as the most powerful likely 
to be used in attacks against the canal. 

Construction was started in July 1940, and by May 1942 most of 
the lock excavation at the Miraflores and Gatun sites had been com- 
pleted. However, at that time work was suspended on the project, 
after some $75 million had been expended, due to World War I 
priority demands for labor and materials. Although it was then 
assumed that the project would be completed upon cessation of 
hostilities, work thereon has not been resumed. It is understo 
that the development of nuclear weapons, which largely nullify 
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additional security expected from a third set of locks, was an important 
factor in this decision. 


The plans developed under the 1939 study have become generally 
known as the third locks project. 

(b) Summit pool extension proposal.—The essential feature of this 
plan is the raising of Miraflores Lake to the same elevation as that 
of Gatun Lake by the elimination of the present single-lift Pedro 
Miguel locks and the construction of a third fife at Miraflores through 
the provision of upper chambers for the present locks at that point. 
This would result in a single summit pool at elevation 85 extending 
from Gatun to Miraflores with obvious operational benefits including 
reduced transit time and the advantages of an anchorage area imme- 
diately north of the Miraflores locks. 

Numerous variations of this basic idea have been proposed in the 
past even as early as during the French operations. In fact it was 
given serious consideration Sans the planning and early construction 
stages of the present canal and might have been adopted if more 
favorable subsurface conditions had been found initially at Miraflores 
as have been revealed by subsequent explorations. This single 
summit pool concept, including new locks at both Atlantic and 
Pacific ends of the canal, has been the basis of various subsequent 
plans as discussed later in this report. 

(ec) Sea-level canal.—The relative merits of a sea-level versus a lock 
canal have been the subject of unending controversy since a connecting 
waterway across the isthmus was first proposed. Although entirely 
beyond the scope of this report even to enumerate the many plans 
and proposals, it is tc be noted that the various construction methods 
by which the present canal might be converted to a sea-level waterway, 
without interference to traffic, do have considerable bearing upon the 
ultimate cost of such conversion. As early as 1931 (Governor Bur- 
gess’ report to the Secretary of War, dated August 4, 1931) a step- 
down plan of excavation, with successive removals of the controlling 
locklifts, was proposed. A combination of this step-down procedure 
with deep dredging by specially designed equipment was advocated, 
unofficially, in 1945 by J. G. Claybourn, then Superintendent of 
Dredging at the canal, in an ASCE paper subsequently published in 
the transactions of that society (vol. 114, 1949, p. 572). 


2. Isthmian canal studies, 1947 


Public Law 280, 79th Congress, Ist session (approved December 28, 
1945), directed the Governor of the Panama Canal to make a com- 
prehensive investigation of means for increasing the capacity and 
security of the Panama Canal to meet future needs of commerce and 
of national defense. A reexamination of the suspended third locks 
project was to be made as well as a determination of the comparative 
advantages, if any, of other canal routes across the isthmus. 

The very comprehensive studies thus authorized were completed, 
and in November 1947 a formal report, with extensive appendices, 
was submitted to Congress through the Secretary of War and the 
President. To date, no committee hearings have been held or other 
definitive action taken by Congress on this report or its recommenda- 
ions. 

Although 30 different canal routes in eight general areas, from the 
sthmus of Tehuantepec in Mexico to the Atrato River in Colombia, 
Were investigated, only the most promising sea-level and lock-canal 
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routes in each of these eight areas were selected for final comparison. 
For both types of waterways—lock or sea level—it was found that a 
route following generally that of the existing canal offered preponder- 
ant advantages and was therefore selected for detailed study. 

In these 1947 studies, it was concluded that the present canal, in 
addition to being unable to accommodate the largest existing vessels, 
would be deficient in traffic capacity by the early 1960’s. Also, in 
compliance with the congressional authorization for the study, the 
question of national defense and the security of the canal against 
attack were given considerable prominence. As it developed, security 
considerations exerted a critical impact upon the ultimate findings 
of the study and was the primary factor in the final recommendation 
that only a sea-level canal could meet the future needs of both inter- 
oceanic commerce and national defense. 

After the 1947 comparative analyses had fixed the route approxi- 
mating that of the present canal, five plans of improvement were 
investigated in detail. Four of these were lock-canal plans and the 
fifth was based upon a sea-level waterway. The major features of 
the five plans are briefly outlined below: 

(a) Revised third locks plan.—The authorized 1939 third locks plan 
was reviewed and the following major changes made: 

(1) The width of the proposed new locks at Gatun, Pedro 
Miguel, and Miraflores was increased from 140 to 200 feet and 
the length from 1,200 to 1,500 feet. 

(2) The roject channel depth was increased from 42 feet to 
55 feet, and minimum channel width from 300 to 500 feet. 

(3) Various modifications of the existing locks were proposed 
in order to reduce overhaul outages and otherwise improve 
operating efficiency. 

(4) The estimated cost of construction was increased from 
$435 million to $1,143 million, based on 1946 prices. 

(b) 1947 lock-canal plan I.—This plan proposed various improve- 
ments to existing facilities which would meet future traffic demands 
of all but the larger vessels. No new locks were proposed; however, 
Gaillard Cut would be deepened to 45 feet and tieup stations pro- 
vided. A surge basin woth be installed near Pedro Miguel locks 
and other modifications made to existing facilities to reduce overhaul 
outage time and otherwise improve operations, such as renewal of the 
electric towing locomotives. The estimated cost of this plan was 
$130 million. 

(c) 1947 lock-canal plan II.—This plan would incorporate features 
of both the revised third locks plan and the extension of the summit 
pool. It was proposed to accomplish the improvement in two phases 
as follows: 

(1) Initial development of 1947 plan IJ.—In the initial phase, 
one large (200 by 1,500 feet) two-lift lock would be constructed 
at Miraflores and at Gatun, utilizing the excavations which were 
completed for the 1939-authorized third locks project. These 
new locks would be of sufficient height to impound a summit 
pool at a maximum elevation of 92 feet. An additional upper 
chamber would be added to each lane of the existing Miraflores 
locks. Miraflores Lake would then be raised to the elevation of 
Gatun Lake and the existing Pedro Miguel locks abandoned. 

The existing Miraflores and Gatun locks would be modernized as 
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noted under plan I above, and the minimum channel section 
increased to 55 by 500 feet. The estimated cost of this initial 
phase was $1,126 million. 

(2) Ultimate development of 1947 plan II.—If and when war- 
ranted by traffic demands and/or obsolescence of the existing 
locks, a second lane of new large locks would be constructed at 
some distance from the initial development. The existing Gatun 
and Miraflores locks would then be abandoned, and the operating 
level of the summit lake raised to elevation 92 in order to provide 
additional water for lockage purposes as necessitated by increased 
traffic and the larger lock chambers. 

Incidental features would include among other items: armored 
emergency dams, a vehicular tunnel under the canal at the Pacific 
end, a highway crossing at the Atlantic end, tieup stations in Gaillard 
Cut, navigation aids, impounding dikes, and augmentation of the 
lockage water supply by pumping plants to deliver salt water to 
Gatun Lake. 

The additional cost of this ultimate development was estimated at 
$506 million, or a total of $1,632 million, for plan IT. 

(d) 1947 lock-canal plan IIT.—This plan is essentially the same as 
the ultimate development of the 1947 plan II. Practically all depar- 
tures from the latter were predicated upon obtaining the maximum 
degree of resistance to hostile attack possible in a lock canal. Vital 
operating equipment would be protected by massive lock walls, dams 
impounding the summit lakes would be extensively reinforced, a new 
less vulnerable summit lake spillway would be constructed, and addi- 
tional emergency dams would be installed between the lakes and the 
= lock gates. The cost of plan III was estimated at $2,308 
million; again based upon 1946 prices. 


(e) 1947 sea-level canal plan.—This plan was developed to provide 
ample capacity and favorable navigational features for all naval and 
commercial craft etie up to the year 2000 and beyond. Min- 


imum channel depths of 60 feet and widths of 600 feet were proposed. 
Flood control features would be provided which would divert or 
intercept the runoff of about 91 percent of the total watershed. The 
sea-level canal would follow generally the alinement of the present 
canal through the reaches of deepest cut; however, in other sections 
advantage would be taken of suitable terrain in meeting more rigid 
curvature standards developed during the investigations. 

Although it was concluded that navigation would not be unduly 
hampered by anticipated maximum currents of 4.5 knots, a tidal look 
with a navigable pass was recommended and included in the cost 
éstimates for the plan. However, it was recognized that further 
investigations during the design stage may develop additional infor- 
mation that would justify the omission of tidal regulation. 

During these 1947 studies, an extensive investigation was made with 
the assistance of leading contractors and dredging equipment manu- 
acturers as to the feasibility and probable costs of deep dredging up 
to the unprecedented depth of 145 feet. Construction methods were 
proposed by which it was estimated that 750 million of the total 
| billion cubic yards of material to be removed could be excavated in 
the dry, using dump scows for the disposal—in the Gatun Lake area— 
ola major portion of this material. It was also concluded that the 

al changeover from the existing lock canal to a sea-level waterway 
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could be accomplished as a single step in about 7 days. It was esti- |: 
mated that this plan could be completed in 10 years at a total cost of 
$2,483 million. 

8. Related studies since 1947 


Since 1947, various improvements have been completed, are under- 
way, or have received official authorization. Modifications of the 
existing locks have been completed which provide means of unwatering 
and overhauling the valves in the center wall main culverts while both 
lanes remain in service. Additional anchorage areas in Cristobal 
Harbor have been provided. 

(a) Short range study, 1957.—In 1957, the Panama Canal Board of 
Directors approved the inclusion in its capital program of several im- 
provements, as recommended by its previously authorized study, to 
find means of increasing the capacity of the canal to meet anticipated 
demands to about the middle 1970’s. The major items recommended 
were— 

(1) The purchase of additional towing locomotives. 

(2) Improved lighting at the locks and lighting of Gaillard Cut. 

(3) Mooring facilities north of Pedro Miguel locks. 

(4) Widening to 500 feet, and deepening by 3 feet, certain 
reaches of Gaillard Cut. 

(5) Widening certain bends and their approaches. 

It was estimated that this short-range program could be completed 
by 1963 at a cost of $19 million. 
































Section III. OutTLine or Lonc-RANGE IMPROVEMENT PLANS 
1. Authorization and purpose 


After approving the short-range study, the Panama Canal Board of 
Directors, in their meeting of July 1957, directed their previously 
appointed ad hoc committee to proceed with a long-range study of 
plans for improvement of the canal. The purpose of the study was to 
determine the future traffic requirements and to present to the execu- 
tive branch of the Government several alternative major improvement 
projects which would meet these requirements. The investigations of 
the ad hoc committee have culminated in the Panama Canal improve- 
ment plans, 1959 (long-range study). 

The present (PBH&M) report covers one particular phase of this 
long-range study and comprises the verification and updating of 
previous cost estimates for certain specific alternative plans as pre- 
scribed by the Panama Canal Company for comparative analyses. 


2. Relationship to previous studies 


In general, the several basic plans included for detailed study in the 
long-range program compare closely with certain corresponding plans 
developed in the 1947 Isthmian Canal studies. However, it should 
be noted that this similarity, as between specific plans of the 1947 
study and those of the present long-range program, does not apply to 
the numbering system (Roman numerals) used in their identification. 
In general, the engineering aspects of each of the three plans con- 
sidered in this updating of cost estimates are based directly upon & 
corresponding 1947 plan; however, various changes have been made 
with regard to both the physical features and the estimating procedures 
used. In some cases, the changes involve only one of the three long- 
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range plans as compared to the corresponding 1947 plan. In other 
instances, the revisions apply equally to all three current plans as 
compared with their 1947 counterparts. Changes of the former 
category will be noted in subsequent sections of this report in which 
each of the three plans are summarized. However, in order to avoid 
repetition, changes of the second category —i.e., those equally applica- 
ble to all three plans—are briefly outlined below. 

(a) Omission of military security features —In accordance with its 
prescribed objectives, security against hostile attack was a major con- 
sideration in the 1947 study; in fact, it was perhaps the controlling 
factor in the final recommendation—adoption of the sea-level plan— 
of that investigation. Security features, including dispersal, dupli- 
cation of important facilities, reinforced dam and spillway sections, 
bombproofing, and protective coverings for vitai equipment, were 
incorporated, where appropriate, in the several plans of improve- 
ment. Maximum protection was sought against damage by weapons 
of the atomic fission type which were then regarded as approaching 
the ultimate in destructiveness. Recent developments in weapon 
capability have brought about important changes in defense concepts. 
As a result, most protective features of the 1947 plans have been 
diminated. Since some of these changes involve the locks and other 
structures, revised designs for the affected items have become neces- 

sary in certain instances. 

i (b) Omission of items otherwise provided for—Since 1947, certain 

works proposed at that time have been completed or are otherwise 

ees for and are therefore omitted from the present cost estimates. 
he following facilities are involved: 

(1) The 1947 plans included the provision of a vehicular tunnel 
under the canal at Corozal. This crossing has been supplanted 
by a high-level bridge at Balboa, a construction contract for which 
has been recently awarded. With the elimination of this tunnel, 
certain relocations to clear the approaches to the tunnel can like- 
wise be omitted. These include an Army radio station and other 
facilities at Corozal and certain relocations at Albrook Field. 

(2) The 1947 study included the conversion of the canal power 
system from 25 cycles to 60 cycles. Since this program is already 
underway it has been eliminated from the present cost estimates. 

(3) In addition to maintenance dredging, some excavation has 
been done since 1947 in certain reaches which will result in a 
nominal reduction of yardage to be removed under the several 
proposed plans. Appropriate allowances have been made in the 
quantity estimates. 

(4) The 1947 program included the provision of certain per- 
manent structures such as housing, schools, recreation facilities, 
theaters, restaurants, and public buildings. Although needed 
initially to provide for the increase in population during the con- 
struction period, it was intended to retain some of these struc- 
tures as replacements for deteriorated existing buildings. There- 
fore, a permanent type of construction was proposed by the 1947 
study in these instances. In accordance ith the Company’s 
instructions, these permanent facilities have been eliminated from 
the cost estimates. 

(c) Proposed changes in contractor’s responsibility —In addition to 
the above-noted elimination of permanent personnel accommodations, 
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it is now intended to hold contractors engaged on the proposed con- 
struction entirely responsible for all phases of their work and support- 
ing facilities required during construction such as— 

(1) Housing, construction camps, and temporary townsites. 

(2) Schools, commissaries, messing, and recreational facilities, 

(3) Medical facilities, first-aid stations, and dispensaries. It 
is assumed that hospitalization for contractor personnel would 
be made available on the isthmus, but would be paid for by the 
contractors. 

(4) Temporary utilities including sewer systems, communica- 
tions, power generation and transmission; however, it is assumed 
that power may be sold to the contractor if excess capacity under 
Company-Government control is available. Water supply would 
also be furnished to the contractors at a stipulated charge. 

(5) Temporary access roads and highways. 

(6) All plant and equipment with necessary maintenance 
facilities. 

Rather than accounting for the above items by separate cost esti- 
mates as in the 1947 study, the costs of providing and operating these 
facilities have been absorbed in the unit prices used in the present 
report. 

(d) Basis of quantity estimates.—Where no changes have been made 
in the earlier plans, the designs and quantity estimates of the 1947 
study have been used in the present report. ere changes from the 
previous studies have been made, the quantities have been recaleu- 
lated, based where necessary on new definitive plans prepared in suffi- 
cient detail for estimating purposes. The engineering standards de- 
veloped in the 1947 studies have been used throughout this report for 
estimating purposes. 

A careful review of the 1947 designs indicates that certain basic 
engineering standards used therein may require further examination 
prior to preparation of detailed construction plans. Any anticipated 
changes in those standards would either permit a reduction in cost 
estimates or, at the worst, only a very small relative increase. The 
adequacy of the various designs has not been questioned in the present 
(PBH & M) cost estimates. These matters are discussed in more 
detail in subsequent sections of this report. 


3. Plans considered in present long range program 


Five separate plans of improvement are considered in the present 
overall long range study. However, in accordance with Panama 
Canal Company directives, only three of these five plans have beet 
assigned to this firm (PBH & M) for the preparation of cost estimates. 
It is understood that previous estimates for a newly designated plan! 
and for plan V (Nicaragua route) have been revised as necessary by 
the Panama Canal Company’s staff. Plan numbers have been a& 
signed to the long range projects as indicated below. Plans II, Ill, 
and IV are treated in more detail in subsequent sections (IV, V, an 
V1) of this report. 

(a) 1959 plan I—Improved present canal.—This plan is closely re 
lated to the 1947 plan I, with due allowances for work that has been 
accomplished or authorized since that time. Although no new locks 
are included in this plan, extensive modifications of the existing lock 
are proposed with a view to reducing traffic delays caused by periodle 
overhaul of lock facilities. Channel improvements would be made, 





nica- 
med 
nder 
ould 


ance 


esti- 
these 
esent 


made 
1947 
n the 
alcu- 
suffi- 
Is de- 
rt for 


basic 
ation 
pated 
1 cost 
The 
resent 
more 


resent 
nama 
, been 
nates. 
plan I 
ry by 
en as- 
I, Ii, 


y, and 


aly re- 
s been 
- Jocks 
y locks 
ariodic 
made, 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 339 


particularly in Gaillard Cut, which would complete the widening pro- 
gram to a minimum width of 500 feet. No further consideration is 
given to this plan I in the present report (PBH & M). 

(b) 1959 plan II—Third locks canal.—This plan comprises, in 
essence, completion of the third locks project (140- by 1,200-foot 
chambers), plus certain improvements to the existing canal. The 
new locks would be located, in general, as in the 1947 studies so as to 
take advantage of excavation already accomplished, except at Pedro 
Miguel where no excavation for the third locks has been done. Wher- 
ever the revisions in defense requirements have made it possible, 
simplification of the new locks has been provided. 

(c) 1959 plan III—Consolidated third locks canal.—This plan in- 
volves various improvements to the existing canal, plus the provision 
of larger locks (200- by 1,500-foot chambers) and the extension of the 
summit pool to Miraflores. 

(d) 1959 plan IV—Zone sea-level canal—This plan involves the 
conversion of the existing canal to a sea-level waterway. 

(e) 1959 plan V—Nicaragua lock canal.—This plan refers to a lock- 
canal project through Nicaragua. No further consideration is given 
to this proposal in the present (PBH & M) report. 


Section IV. 1959 Puan II 


IMPROVEMENTS TO EXISTING CANAL PLUS ADDITION OF THE THIRD 
LOCKS 


1. Relationship to previous plans 

Plan II of the 1959 long range study is essentially the completion of 
the third locks project, as originally authorized in 1939, but with 
various modifications. These changes include improvements in 
channel alinement and cross section, as well as certain alternatives. 
Changes in lock facilities have also been made mainly as a result of 
revised defense concepts. 


2. Channel improvements 


Those sections of Gaillard Cut now restricted to a width of 300 
feet would be widened to 500 feet at elevation 40 feet PLD (precise 
level datum), and the entire channel from Gatun to Pedro Miguel 
would be deepened to a bottom elevation of +30 feet. The channel 
through Miraflores Lake would be deepened to a bottom elevation of 
+3 feet. The Atlantic approach channel and Cristobal Harbor 
would be deepened to elevation —50 feet, and the approach channel 
mee A new anchorage would be dredged adjacent to Cristo- 
bal Harbor, with a bottom elevation at —50 feet. The Pacific 
approach channel and Balboa Harbor would be deepened to elevation 
Gee ae ee approaches to the new locks would be provided. 

e hig. 1. 

(a) Alternative channel alinements.—In addition to the above 
channel work, and in accordance with the Company’s directives, esti- 
mates have been made for two alternative channel alinements in the 
summit reaches of the canal: the La Pita and Empire Cutoffs. The 
estimates for these alternative alinements are presented herein (see 
sec. IX) under the following assumptions: 

(1) Either La Pita Cutoff or Empire Cutoff would be con- 
structed, but not both of them. 
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(2) If either of the two cutoffs is constructed, no additional — 


improvements would be made in that portion of the existing % 


channel lying between the ends of such cutoff. 
3. Lock facilities xe 
A third set of locks would be constructed at each of the three present 


lock sites. The new locks at Gatun and Miraflores would utilize fi tt 
excavations completed at these locations for the third locks project” 


before this work was suspended in 1942. The new Pedro Miguel lock” : 


would be located immediately to the west of and approximately 
parallel to the existing lock so that its centerline would coincide with 
that of Cucaracha reach. 

The general features of the new locks would be in accord with out 
line plans prepared by the Panama Canal Company and would elime 
nate all features formerly incorporated primarily for protective pur 
poses, such as guard gates and bombproofing. 

The new lock chambers would be 140 feet wide with a usable length 
of 1,200 feet and a 50-foot minimum depth. The heights and num 
of lifts would be the same as at the corresponding existing locks and 
the operating levels in Gatun and Miraflores Lakes would remai 
unchanged. The Gatun and Pedro Miguel locks would be provid 
with chain fender and emergency dam protection at their upper ends, 
Lockage water would be supplied from culverts on both sides of the 
chambers through horizontal lateral entry culverts. ! 

The lock approach walls would be about 1,000 feet long with an 
entry width oF 350 feet. Towing procedures would be similar 
present practice with facilities to accommodate the proposed new type 
of towing locomotives. (See figs. 2 to 5, inclusive.) 


4. Relocations 


The cost estimates are based upon the assumption that various 
facilities may have to be eer such as the following; however, 
some of these changes may eventually prove unnecessary, particu 
the first two items listed below. In any case, the comparatively 
amounts involved will have very little relative effect upon the total 
estimates. 

(a) Complete the realinement of the Panama Railroad to keep it 
east of the proposed new locks at Gatun. 

(b) Remove the present ammunition loading dock (Mindi dock) 
in the Gatun area and rebuild at a new location as indicated in 
1947 studies. 

(c) Relocate a section of the Borinquen Highway as required by 
the proposed new lock construction at Pedro Miguel. 

(d) Relocate various water and sewer lines, power conduits, and 
TT facilities in the new lock areas at Gatun and Mit 
ores. 


5. Highway crossing at new Gatun locks 

Construction of the new locks at Gatun will necessitate the pr 
vision of a highway crossing at that point. In accordance with com 
tract stipulations, studies have been madé as to the relative advantages 
of a bridge over the new locks as compared to a vehicular t 
Since the need for this crossing also pertains to plans III and nN 
possible and recommended solutions are treated in appropriate de 
in the more general section VIII to follow. 
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Section V. 1959 Puan III 
IMPROVEMENTS INCLUDING CONSOLIDATED THIRD LOCKS 


|. Relationship to previous plans 


This 1959 plan III serves as an alternative to the 1959 plan II out- 
lined above. It also practically duplicates the physical features pro- 
vided in the initial development phase of plan II as proposed in the 
1947 Isthmian Canal studies, except as noted below. (See fig. 6.) 

(a) Omission of ultimate development.—As previously outlined herein 
(see subsec. II-2c), the 1947 plan II was to have consisted of two 

ijohases of development, both of which involved the elimination of the 
}Pedro Miguel locks and the creation of a single summit-level pool. 
\"\This was to have been accomplished for the initial development by 
'.\the construction of a third set of large locks at both Gatun and Mira- 
 \fores, plus the addition of an upper chamber in each lane of the existing 
: |Miraflores locks. 
| The ultimate development, if and when needed, would have con- 
listed of adding an additional lane of large locks at both the Atlantic 
‘und Pacific ends of the canal and of abandoning the original locks at 
Gatun and Miraflores. In order to provide the additional lockage 
water supply required by the two lanes of larger locks and increased 
‘traffic, the summit lake would have been raised to a maximum eleva- 
‘tion of 92 feet and salt water pumping plants would have been in- 
stalled. Although, during the initial stage of development, the maxi- 
mum operating level of the summit lake would be at elevation 87.5 
feet, both new lanes of large locks would be so constructed as to ac- 
commodate the final maximum pool elevation of 92 feet. 
_ By special post-contract instructions, the Company has directed 
‘the omission of this ultimate development phase from the present cost 
jestimates. 
| (b) Other omissions.—As previously noted, various items proposed 
wi}: the 1947 study are eliminated from this 1959 plan III. These 
“ijmclude such items as bombproofing features, guard and sea gates, 
chain fenders except at upper ends of new locks, the vehicular tunnel 
Jat Corozal, and such work as may have been completed or authorized 
‘since 1947. Certain other items included in the 1947 study are 
jomitted from the present cost estimates since they are either otherwise 
“\provided for or will be separately estimated by the Company. These 
tategories include modifications of the existing locks in order to 
‘liminate or reduce outage time for overhaul, extension of existing 
‘jock approach walls, and the provision of intermediate lock gates 
‘* within the chambers with a view to conserving lockage water demands. 
| \ilthough included in the cost estimates, certain relocations such as 


tthe Mindi dock may be eventually omitted from the plan as previously 
i joted under plan IT. 


‘|. Channel improvements 


l'hese improvements would correspond closely with those proposed 
in the 1959 plan II except that an additional 5 feet of depth would 
‘pe provided in the Alantic approaches (to —55 feet PLD); the Pacific 
a proaches (to —60 feet PLD); and in the entire ship channel from 
yatum to Miraflores (to +25 feet PLD). 
paeain, cost estimates have been prepared for the alternative La 

ita and Empire Cutoffs. (See subseec. TV—2a.) 
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8. Lock facilities 

The new Gatin and Miraflores locks would be constructed, utilizing 
the previous excavations made for the third locks project. Chambey 
would be increased in size to a width of 200 feet, a length of 1,500 feet 
and a minimum navigable depth of 50 feet. An additional upper 
chamber is to be added to each lane of the existing Miraflores lock 
having dimensions of 110 feet by 1,000 feet and with upper sill a 
elevation 37.3 feet. The new upper chamber lock walls would be ¢ 
sufficient height to accommodate a maximum lake level of 87.5 feet, 

Outline drawings of the above structures have been prepared by the 
Company showing the features included in the present estimates 

(a) Two versus three lifts for the new locks.—Although the 1947 plan 
II calls for the new locks to be of the two-lift type, the Company has 
directed that further studies be made of the relative advantages of 
three lifts as compared to two lifts for the new locks proposed at Gatun 
and Miraflores under the 1959 plan III. This analysis has been com- 
pleted and it is estimated that the three-lift scheme will involve costs 
of about $13 million in excess of those pertaining to the comparable 
two-lift arrangement. However, there are other factors to be con- 
sidered in evaluating the two schemes. 

(1) Lockage water requirements.—The two-lift design would 
require considerably more lockage water for passing ships through 
the new locks. In the initial and ultimate development of th 
corresponding 1947 plan II, this disadvantage was largely over- 
come by providing intermediate gates in the large chambers to 
reduce this lockage water requirement. However, as explained 
in the 1947 study, no shortage in the available water supply was 
anticipated for the initial phase of development (comparable to 
plan III of the present study), and the situation would only be. 
come critical after the second set of large locks was completed 
and the original locks abandoned at the time of ultimate develop- 
ment. Under the present 1959 plan III, it is assumed that the 
smaller existing locks will remain in service indefinitely. Since 
many ships would continue to use these smaller locks, the question 
of relative water requirements for the two schemes does not appea! 
to be a controlling factor in determining the preferable number 
of lifts. 

(2) Size of lock gates —The maximum height of mitre gate for 
the two-lift lock at Miraflores would be 105 feet as compared with 
85 feet for the three-lift lock. The problems of design, operation, 
and maintenance will doubtless be greater for the higher gate; 
however, a careful examination of these problems leads to the 
conclusion that they can be overcome, and that they sbould no! 
exclude serious consideration of the two-lift scheme for purposes 
of the present report. 

(3) Water velocities in lock conduits —The higher heads that 
would act on water flowing through the conduits of the two-lift 
locks presumably would result in greater velocities of flow thar 
with the three-lift design, even though the cross-section dimet- 
sions of the conduits would be greater in the two-lift scheme. 
The final design of these conduits, and particularly the details 
of the ports connecting the conduits with the lock chambers, 
would have to be worked out on the basis of model tests to be 
conducted after a decision is made to carry out the 1959 plan I]. 
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Experience with the design of the St. Lawrence ship canal locks 
indicates that such model tests should be effective tools in 
obtaining a satisfactory solution to this problem. 

(4) Time of transit for ships —The two-lift scheme would have 
the advantage of less transit time for ships passing through 
the locks. 

(5) Hawser slopes.—While the slope angle of the towing lines 
between a towing locomotive and the deck of a large ship in the 
lock would be increased for the two-lift as compared with the 
three-lift design, this would not be the case for most ships since 
the increase in width of the lock would more than compensate 
for the increase in lift height, as concluded in the 1947 study: 
“Proper handling of ships would not be impaired in the deeper 
lock chambers of the two-lift locks.” 

(6) Length of locks —The two-lift scheme would require about 
1,560 feet less overall length than the three-lift design. This 
would be of particular advartsge at Miraflores, where the three- 
lift scheme would extend bev oud the northerly limit of the existing 
plug of the third lock excavation, thus requiring use of a cofferdam 
during construction of the locks. The shorter two-lift locks could 
also be constructed to a greater extent on a hard basalt founda- 
tion, except for the north approach wall at Miraflores. 

It is concluded that, although adoption of the two-lift design would 
result in a prospective saving of about $13 million, and would appar- 
ently possess certain other advantages, these considerations are not 
necessarily controlling, particularly for a project in the billion-dollar 
cost bracket. Also, it would appear that some of the advantages and 
disadvantages noted above are deserving of more detailed study if 
and when plan III is adopted for construction. Therefore, no recom- 
mendation is made at this time as to the preferred number of lifts, 
and both schemes are included in the detailed cost estimates presented 
in this report. 

Plans have been prepared showing the general features of the pro- 
posed lock structures for the two- and three-lift schemes. (See figs. 
7 to 14, inclusive, following this section, and figs. 4 and 5 of the pre- 
ceding sec. IV.) 


Section VI. 1959 Pian IV 


ZONE SEA-LEVEL CANAL 


1. Relationship to 1947 study 


Plan IV of the present report is substantially the same as the 
Panama sea-level canal plan of the 1947 study. The alinement 
selected in that study followed generally that of the existing canal in 
the reaches of deepest cut. Elsewhere, the 1947 alinement took 
advantage of the most favorable terrain in meeting the required 
standards of curvature developed at that time. For purposes of the 
present investigation, the Company has made certain changes in the 
1947 channel alinement north of the Continental Divide in order to 
reduce excavation quantities. (See fig. 15.) Also, certain revisions 
in the previously proposed flood control features have been investi- 
gated, as discussed in subsection VI-4 below. Some changes in tem- 
porary power facilities have been made. (See subsec. VI-—5.) 
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2. Channel features 


The sea-level channel would have a depth of 60 feet and a minimum 
width of 600 feet between the 40-foot depth lines. These depths 
would be measured from the low-water surface in the canal which js 
assumed to follow a straight-line profile from elevation 0.0 PLD at 
the Atlantic approach to elevation minus 10.0 feet at the Pacific end. 


8. Tidal-regulating structures 


The channel cross sections and alinements for the sea-level canal 
have been designed to permit navigation by nearly all ships at all 
stages without tidal regulation. However, in both the 1947 study 
and the present report, separate cost estimates have been prepared 
for these control structures, in case further investigations, or actual 
operating experience, should indicate that such regulations is desirable. 

As in the 1947 study, the facilities now proposed comprise a tidal 
lock near the Pacific end of the canal with a chamber 200 feet wide by 
1,500 feet long and minimum depth of 50 feet, a 750-foot navigable 
pass with movable gates, and a water-controi structure. 


4. Flood control facilities 


(a) 1947 study criteria.—In the 1947 studies, the design of flood 
control features for a sea-level canal was based upon an adopted 
project design flood which would exceed by 25 percent the November 
1935 flood, the maximum of record as to volume of runoff for periods 
of from 3 to 41 days. A considerably larger flood, based upon esti- 
mates of maximum possible rainfall, was selected for spillway design 
purposes. 


In order to eliminate adverse effects on navigation, certain criteria 
were established as follows: 

(1) Limit increases in longitudinal velocities in the canal due 
to flood flows to the least practicable amount, and in no case 
exceed 1 knot. 

(2) Provide control for each drainage basin which would con- 
tribute more than 10,000 cubic feet per second flood inflow to the 
Canal on an average of once in 5 years. 

(3) Limit project design flood discharges into the canal from 
any regulatory reservoir to not more than 10,000 cubic feet per 
second at any single point of entrance. 

(b) Principle features of 1947 flood control plan.—In order to meet 
the above requirements, the 1947 plan provided for complete diversion 
to the Caribbean Sea of all runoff from the major tributaries, all of 
which are on the Atlantic side of the Continental Divide. On the 
east side of this Atlantic portion of the canal, control would be pro- 
vided by the existing Madden Dam—with allocation of additional 
flood storage space in its reservoir—and by the proposed Gamboa and 
Monte Lirio Reservoirs. These reservoirs were to be connected by 
the Chagres diversion channel and the combined flow from both 
reservoirs discharged into Las Minas Bay through the Monte Lirio 
diversion channel. On the west side of the canal, the Cano Quebrado 
and Trinidad Reservoirs would divert substantially all runoff into the 
Chagres River below Gatun Dam. The several small streams entering 
the canal south of Gamboa would be regulated by small reservoirs. 
Thus, of a total watershed of 1,358 square miles tributary to the 
canal, 91 percent, or all but 118 square miles, would be controlled. 
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(c) Need for reexamination of 1947 flood control plan.—Although the 
(anal Zone boundaries follow generally the lines approximately par- 
diel to and 5 miles distant from the present canal centerline, these 
jmits are further extended around the shores of Gatun and Madden 
lakes. Bounding these lakes, the Canal Zone includes all areas out- 
side the 5-mile limit up to the 100-foot and the 260-foot contours, 
respectively. 

he zone boundaries, thus extended, would encompass the flow line 
reached by the project design flood in all of the several reservoirs 
included in the 1947 plan, except the proposed Gamboa Reservoir. 
Here, a level of 129 feet would occur, or 29 feet above the 100-foot 
contour which determines the zone boundary in the upper reaches of 
this reservoir. Furthermore, in order to provide for silting lesses and 
other contingencies, the 1947 plan fixed the Gamboa Dam spillway 
crest at elevation 140. If such a water level were ever reached, the 
impounded waters would inundate some 4,100 acres of land outside 
the presently established zone boundaries. Seven small Panamanian 
villages, involving about 200 buildings, would be completely or par- 
tially flooded. Three bridges would have to be reconstructed and 2.5 
miles of highway raised. 

The company has requested that the 1947 flood control plan be 
reviewed in the present (PBH & M) report, to determine the possi- 
bility of avoiding the complications that this situation might entail. 

(d) Possible approaches to the problem.—Development of an accept- 
able solution is directly related to two basic factors: first, the volume 
of water which must be stored or diverted is fixed by the assumed 
characteristics of the project design flood; and second, in order to 
confine the reservoir flow line within the presently established Canal 
Zone boundaries, the pool level produced in Gamboa Reservoir by a 
flood of this magnitude must not exceed an elevation of 100 feet. 
Since the available storage space in the reservoir is thus determined 
(no downstream shift of the dam site being feasible), the amount of 
flood flow which must be released from the reservoir is thereby estab- 
lished. This outflow must reach the Caribbean either by way of a 
diversion channel or be discharged into the sea-level canal itself. The 
problem then is to determine an economical balance between these 
two flood routings which will not impose undue navigational diffi- 
culties. 

Under the 1947 plan, discharge from the reservoir through the 
diversion channel would normally be controlled by an upper weir 
located about 26,200 feet from the reservoir. A short distance down- 
stream from the reservoir, the water would flow through a tunnel 
with diameter of 45 feet and invert elevation of 50 feet. Just above 
the upstream portal of the tunnel there would be an emergency gate 
structure (tunnel emergency closure) to permit shutting off the dis- 
charge from the reservoir to the diversion channel. The upper weir 
would have a length of 300 feet and an unobstructed crest at elevation 
%5 feet. During the discharge of floodwaters through the diversion 
channel, there would be considerable loss of head between the reser- 
voir and the weir, the greater part of which would occur at the upper 
emergency gates and in the tunnel itself. 

Under project design flood conditions, the 1947 study showed that 
part of the flood inflow into Gamboa Reservoir would be temporarily 
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stored and the water surface would rise to a maximum elevation of 
129 feet, at which time the maximum discharge through the diversiop 
channel would be at the rate of 38,200 cubic feet per second. 

One solution of the present problem would be to increase the carry- 
ing capacity of the diversion channel above the 38,200 cubic feet per 
second provided in the 1947 study, so as to permit diversion of mogt 
of the flood discharge. This would be an expensive operation, since 
the cost of the channel as originally designed amounted to about 
$40 million. Moreover, it may be possible in the future to raise the 
maximum water surface elevation in the reservoir to the originally 
assumed elevation of 140 feet. Hence it would be advisable initially, 
insofar as possible, to construct the diversion channel and Gamboa 
Dam to the 1947 dimensions. Some increase in the discharge capacity 
of the diversion channel could be obtained by lowering the crest of 
the weir, but the benefits from this would be limited by the bottleneck 
effect of the tunnel and the emergency closure structure. 

The crest of the spillway of Gamboa Dam would have to be lowered 
from elevation 140 feet to less than elevation 100 feet. The combined 
effect of the Erapeene changes at the diversion weir and at Gamboa 
spillway would have to be such that, under design flood conditions, 
the combined discharge capacity of the diversion weir and Gamboa 
spillway would prevent floodwaters temporarily stored in the reservoir 
from rising above the specified 100-foot elevation. Preliminary cal- 
culations have been made under the following assumptions: 

Diversion channel weir: 

Length, 300 feet. 
Crest elevation, 90 feet. 

Gamboa spillway: 

Length, 1,000 feet. 
Crest elevation, 95 feet. 

During the project design flood, the following results would be 
obtained : 

Maximum elevation of surface, Gamboa Reservoir, 99.85 feet. 

Maximum discharge into diversion channel, 11,800 cubic feet per 
second. 

At Gamboa spillway: 

ida Masaru discharge into canal will be 43,800 cubic feet per 
second. 
(2) Discharge into canal will exceed the following rates during 
the periods of time indicated: 
40,000 cubic feet per second for a total of 0.3 day. 
30,000 cubic feet per second for a total of 7.0 days. 
20,000 cubic feet per second for a total of 22.5 days. 
10,000 cubic feet per second for a total of 23.5 days. 

(e) Effect of discharging floodflow into the canal.—Although the 1947 
design criteria limiting flood discharge into the canal at any one pomt 
to 10,000 cubic feet per second would be exceeded under the above 
proposals, it is believed that this situation would not be objectionable 
in view of the following considerations: 

(1) The probability of occurrence of a flood as great as the 
project design flood in any year is very small. 

(2) While the peak discharge over Gamboa spillway would be 
43,800 cubic feet per second, calculations indicate that a discharge 
of 30,000 cubic feet per second would only be exceeded about 7 
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days of the assumed 28-day flood period, and for not more than 
3 days continuously. 

(3) There would be no discharge over Gamboa spillway until 
the total outflow from the reservoir (Gamboa spillway plus di- 
version channel) exceeded about 6,000 cubic feet per second; 
hence, minor floods would have no effect on the canal 

(4) Discharge contributed to the canal by Gamboa spillway 
would enter the original channel of the existing lock canal, flow 
in both directions through the latter, and cascade into the sea- 
level channel at two pomts. This condition might cause some 
delay to navigation during the peak of the flood, though probably 
for not more than 1 or 2 days at a time. 

(5) As to the effect on longitudinal currents in the sea-level 
canal, it may be noted that the Gamboa Reservoir watershed 
(below existing Madden Dam) comprises only 127 of the total 
1,358 square miles of drainage area tributary to the canal. The 
1947 study found that with all reservoirs proposed therein com- 
pleted 1,240 square miles (91 percent of the total drainage basin) 
would be controlled, and maximum currents in the canal would 
be increased by only about 0.5 knot over those caused by tidal 
action alone, in either an open or tidal-lock canal. It would 
therefore appear that even though the entire floodflow from 
Gamboa Reservoir drainage area were discharged into the canal, 
current velocities would not be seriously increased, since 82 per- 
cent of the total watershed would still be under control. 

(6) Another factor to be considered in this connection is that, 
during a storm of the intensity envisaged for the project design 
flood, the rate of precipitation would be so great that it is doubtful 
whether navigation could be maintained in the canal during the 
more intense periods of the storm. 

(f) Basis of present cost estimates.—In the present report, the possi- 
bility is recognized that at some future date it may become necessary 
and feasible to acquire additional flowage rights around Gamboa 
Reservoir above the present 100-foot boundary contour. It was there- 
fore assumed that, although the Gamboa spillway crest would be 
initially constructed to elevation 95 feet, provision would be made for 
the ultimate raising of this crest to elevation 140. Gamboa Dam itself 
would be initially constructed to elevation 174 feet as proposed in the 
1947 study. No change in spillway length (1,000 feet) is proposed. 

The Chagres diversion channel upper weir would be initially con- 
structed to elevation 90, with provisions for later raising to elevation 
95, as proposed in the 1947 study. No change would be made in the 
300-foot crest length, nor in the design of the diversion channel. 

If the above ultimate constructions are carried out, this two-stage 
plan would increase the 1947 quantity estimates for Gamboa spillway 
by the following amounts: 


Cubic yards 
<1) Time aneieit: “Onan 6 a oe a) Se Si ee, ee 272, 000 
(2) Excavation, rock............-------- i ain'n wwe ee uuet thea 1, 848, 000 
) Comal Wilt i cake ebidts ee ices: cect ee 81, 900 


_It would doubtless be possible to revise the design of the Chagres 
diversion channel so as to increase its discharge capacity by reducing 
losses of head through the tunnel emergency closure and the tunnel. 
This would permit some increase in the crest elevation of Gamboa spill- 
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way, thus reducing the flood discharge into the sea-level canal without 
encroaching on the present Canal Zone boundary at elevation 100 feet, 
Further study could be made of this problem if and when it is decided 
to construct the sea-level canal. The resulting increase in overall cost 
of the sea-level project would be relatively small. 


5. Power facilities 


Under the 1947 study, two permanent steam powerplants, one in 
each terminal area, were included in the estimates. These plants, 
together with new hydroelectric plants at the Monte Lirio and Trini- 
dad flood-control dams, would offset the loss of power resulting from 
the abandonment of Gatun hydroplant and the reduction of power 
rapacity at Madden Dam due to operating Madden Lake primarily 
for flood control. In addition to these new permaneni powerplants, 
the 1947 estimates included two temporary floating steam powerplants 
that would be constructed to furnish the additional electric power 
required during construction of the sea-level canal. 

In the present study, the permanent steam and hydroplants noted 
above are retained as specific items in the estimates, together with the 
necessary transmission lines, transmission substations, distribution 
lines, and distribution stations. All costs for power facilities required 
strictly for construction purposes, however, are absorbed in the unit 
prices. 


Section VII. Construction MertTHops 


In the 1947 studies, no unusal construction problems were antici- 
pated in either the third-locks project or in the plan involving exten- 


sion of the summit pool to Miraflores (1947 plan II, initial and ulti- 
mate development). Except for the necessary measures to prevent 
delays to shipping while adding an upper chamber to the existing locks 
at Miraflores, conventional construction methods would have been 
followed. Progress schedules compatible with economy of construe 
tion and optimum utilization of recruited personnel were proposed, 
based upon a 10-year or longer period for completion. However, in 
the case of the sea-level canal, the feasibility of the plan, as well as 
its probable cost, were intimately related to the successful use of special 
construction procedures and equipment. 


1. Sea-level canal—1947 proposed methods 


It was estimated in the 1947 study that the sea-level canal would 
involve channel excavation of approximately 1 billion cubic yards of 
material, of which about 273 million were classified as common, 351 
million as soft rock, 288 million as medium rock, and 156 million as 
hard rock. By comparison, the total channel excavation for the 
present canal, including usable excavation moved by the French, was 
approximately 275 million cubic yards. It was proposed to vary the. 
bottom elevation of the waterway uniformly from 60 feet below mean 
sea level at the Atlantic entrance to 70 feet below at the Pacific end. 
The maximum depth of cut on the new alinement would be 650 feet; 
however, the length of cut at this depth would be less than one-half 
mile. 

Aside from questions of cost, the primary consideration in deter- 
mining construction procedures was to impose the least possible inter- 
ference on canal traffic and to complete the project in the shortest 
practicable time. Attainment of this objective would have a direct 
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bearing upon the procedure to be used in converting the present canal 
}to sea level, and the various possibilities in this regard are, in large 
/measure, determined by limitations related to construction methods 
}and equipment. 
| (a) Multiple-stage conversion.—Prior to 1947, several conversion 
j plans had been worked out in which the lake levels would be pro- 


| gressively lowered by stages in from three to seven steps. In the 


1947 study, a three-stage plan was developed—from elevation 85 to 
54 (the elevation of Miraflores Lake), from elevation 54 to 22, and 
from elevation 22 to sea level. For this plan of conversion, equip- 
ment would be needed capable of dredging to depths of 7 2 feet, a not 
unprecedented requirement. Stage lowering would necessitate pro- 
gressive alteration of the existing locks, or the construction of tempo- 
rary auxiliary conversion locks, in order to accommodate traffic at all 
stages of the lake level. Sever ‘al serious disadvantages were involved 
in these plans, including high costs, longer construction period (about 
15 years), protracted interference with canal traffic, difficult spoil 
disposal problems, and the necessity of pumping lockage water dur- 
ing the final stage. 
(b) Single-stage conversion.—Since the maximum amount of lower- 
ing which can be accomplished in a single step is largely determined 
by the depth to which dredging can be successfully carried on, ex- 
tensive investigations were conducted during the 1947 study as to the 
| possibility of developing or adapting special dredging equipment for 
) wet excavation. The 1947 study concluded that if a minimum depth 
> of 60 feet is to be attained in a single step before Gatun Lake is lowered 
} from its present operating level at elevation 85, drilling, blasting, and 

dredging would be required to a maximum depth of about 145 feet. 

As a result of these 1947 investigations, which included extensive 
consultations with experienced equipment manufacturers and dredg- 
ing contractors, it was concluded that dredging to this unprecedented 
depth was entirely feasible. It was proposed to use specially designed 
hydraulic and bucket-ladder dredges at the extreme depths and dipper 
equipment for hard digging at shallow and intermediate depths. 

It was estimated that a net saving of about $130 million would 
result from adoption of this single- -stage plan as compared with the 
most promising of the three-stage conversions. It was also estimated 
that traffic in the canal would have to be suspended for only 7 days 
during the lowering of the lake level and removal of the temporary 
barriers used to retain Gatun and Miraflores Lakes during excavation. 

(c) Spoil disposal.—An important, if not controlling, factor in con- 
struction planning was the disposal problem, particularly for the dry 
excavation by land equipment which was estimated at about 750 
million cubic yards. Truck or rail haul would not be economical for 
material below about elevation 270, since disposal would involve 
excessive uphill hauls. Using the single-stage plan made it possible 
to develop a disposal procedure whereby nearly all, or about 700 million 
cubic yards, of the total dry excavation material could be hauled in 
bottom dump scows for disposal in off-channel areas of Gatun Lake 
or for use as fill to elevation 75 in the several proposed flood control 
dams. It was found that scow transportation resulted in important 
savings over any other method of disposal. No material would have 
to be hauled to sea for dumping, as would be the case in the final 
phase of the three-stage conversion plan, with longer hauls and 
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additional lockage demands. For the remaining 50 million cubic US4 
yards of material lying above elevation 270, it was proposed to use|G 
5-cubic yard shovels for excavation and 20-cubic yard trucks for 
disposal. th 
The water-haul disposal plan for dry excavation involved a system | €q 
of parallel auxiliary barge channels with intervening berms of 70-foot | est 
width. These would be successively extended so that material | bu 
between elevation 270 and 90 could be loaded into dump scows, | to 
with a minimum of recasting. After reaching elevation 90, the auxil-| sid 
iary channels would be progressively blocked and dewatered and then | th 
brought to project depth in two steps, using draglines operating from | im 





the intervening berms. th 
(d) Special equipment. —The 1947 study proposed the use of large 
shovels and draglines—25 cubic yards or greater capacity—of con- | lv 
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ventional design for most of the dry excavation. For wet excavation, 
a maximum dredging depth of 145 feet was specified for specially 
designed hydraulic and bucket-ladder dredges working from the normal 
Gatun Lake elevation of 85 feet. A maximum dredging depth of 85 
feet was considered to be the practical limit for dredges of the dipper 
type. It was proposed, therefore, that dipper dredges would excavate 
rock to this depth, followed by deep-digging bucket-ladder dredges, 
excavating to grade. Smaller bucket-ladder dredges with about a 
90-foot limitation would also be used for initial rock excavation. 
The hydraulic dredge would be used only for common and soft rock 


excavation. ; 

(1) Hydraulic dredge.—Preliminary designs and cost estimates for | , 
this plant were developed in collaboration with manufacturers and } , 
contractors having extensive experience in this field. An important t 
departure from usual practice was the addition of a booster pump on f , 
the dredge ladder well below the water surface in order to overcome 


the higher friction losses of the longer, 46-inch diameter suction line 
and to enrich the mixture delivered to the main pump. ‘This booster 
pump would be enclosed in a cofferdam arrangement to permit the 
removal of obstructions without completely raising the ladder. The 
200-foot ladder would be provided with buoyancy tanks to facilitate 
hoisting and for better stress distribution. For deep dredging, spe- 
cially designed vertical frames extending 90 feet below the water 
surface would be provided to serve as spud wells. Spare frames of 
shorter length would be available for dredging at more conventional 
depths. 

Steam turbines would deliver a maximum of 10,000 horsepower to 
the main pump. The cutterhead motor would have a rating of 2,000 
to 2,500 horsepower. A booster pump of 8,000 horsepower, electri- 
cally driven from shore sources, would be installed as needed in the 
40-inch discharge line. 

(2) Bucket-ladder dredge.—In the 1947 study, the anticipated capa- 
bility of the bucket-ladder dredge for the sea-level project was based 
largely upon its performance in placer mining for gold and other 
metals from gravel and conglomerate deposits. In the canal project 
it would be used to excavate blasted rock—work which, though suc- 
cessfully performed on other jobs, is somewhat unusual. The size of 
the bucket proposed—2 cubic yards—would also be unusual as com- 
pared with gold dredges using buckets of about one-third this capacity. 
However, a few dredges equipped with 2-cubic yard buckets had been 
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cubic used, particularly in Europe, for soft digging at depths up to 50 feet 
to use Gold dredges had been used to depths of 124 feet. 
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Preliminary designs for a bucket-ladder dredge were developed in. 
the 1947 study which, though following conventional lines, would be 
equipped with a 239-foot digging ladder capable of reaching the deep- 
est cuts of about 145 feet. A smaller dredge of the same type and 
bucket capacity was proposed for depths up to 90 feet. In addition 
to its deep-digging capability, the larger dredge would require con- 
siderably less power (about 2,500 horsepower for the main drive) 
than a comparable hydraulic unit. Spoil would be deposited directly 
into dump scows moored alongside of the dredge. It was found that 


(3) Dipper dredge.—In order to handle the large quantities of rock 
lving above elevation 0.0 in the Gatun Lake area, special designs 
were developed for a dipper dredge capable of working to the un- 
precedented depth of 85 feet. A dipper capacity of from 20 to 30 
cubic yards was proposed. Power would be supplied by four 1,000-1 
horsepower diesel-electric engines, one of which would serve as a 
standby. The dredge could also use shore-based power sources. 
Special features of the design included a counterweighted hoist and 
a walking stern spud activated by an hydraulic ram. 


2. Proposed construction methods, 1959 study 

(a) Lock-canal plans.—Except for the magnitude of the projects, 
no unusual construction problems are anticipated with respect to the 
1959 lock-canal plans II and III. Some special excavating methods 
will be required in the sections of deepest cut; but, since it is proposed 
to work the higher levels for the lock-canal plans in a manner similar 
to that recommended for the sea-level conversion, these procedures 
are covered by the discussion of plan IV below. Cost estimates for 
the lock-canal plans are based upon the assumed use of the most 
modern equipment and methods, taking full advantage of develop- 
ments that have occurred in this field since the 1947 study was 
prepared. 

b) Sea-level canal.—As previously noted, the 1947 study applied 
two general designations with respect to channel excavation methods— 
“dry excavation” and ‘wet excavation” (see subsecs. VII, 1b and 
lc). For reasons which will be developed later, these designations 
would be somewhat misleading for the purposes of the present report. 
Instead, channel excavation for the sea-level canal is discussed under 
two general classifications: (1) hydraulic excavation, including, in 
general, all unconsolidated submerged material which can be removed 
by hydraulic dredges; and (2) all other types of unclassified material 
which would be excavated either in-the-dry by land equipment, or 
dredged under water by barge-mounted shovels and draglines, for 
ultimate disposal by dump scows. Incidental excavation using more 
conventional methods, such as involved in relocations, lock and flood 
control structures, etc., would constitute only a relatively small per- 
centage of the total vardage to be excavated, particularly in the sea- 
level plan. However, as in the channel work, the cost estimates are 
based upon using the largest practical earthmoving equipment. 


3. Hydraulic dredging 
(a) Contractor consultants—During the present investigation, the 
consulting services of three companies with wide experience in the 
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dredging field were retained to assist in the preparation of cost esti- 
mates and a dredging program. This assignment was performed as 
& joint undertaking by the following firms: 
Atlantic, Gulf & Pacific Co. 
Gahagan Dredging Corp. 
Standard Dredging Corp. 
In addition to their broad background of dredging experience, these 
three companies had the advantage of having participated in the 
preparation of a similar analysis and report for the 1947 study. 

As an initial step, representatives of these concerns visited the 
Canal Zone and were conducted on a survey trip of both the dredgin 
and disposal areas. An opportunity was afforded to visit the Com- 
pany’s 27-inch hydraulic dredge Mindi and inspect the performance 
records of that plant for purposes of comparison with similar private] y 
owned equipment and working conditions. 

(6) Two classes of hydraulic dredging.—In analyzir 
dredging for the sea-level conversion, the work was ¢ 
major categories—that which could be done with ¢ 
inch, or somewhat larger, pipeline dredges, and that which would 
require a specially constructed deep-digging dredge of large capacity. 

The hydraulic dredging program for the sea-level cOlvVersion was 
developed, with certain exceptions, on the basis of quantities and 
respective locations (secs, | to X) as presented in the 1947 study. 

t is proposed to remove a total of about 176 million cubic yards of 
material by hydraulic dredging. Of this total, approximately 84 
million cubic yards would be excavated with 27- to 30-inch conven- 
tional pipeline dredges, and 92 million cubic yards from the Gatun 
Lake section with a specially constructed 40-inch dredge. Of the 
latter amount, it is estimated that 726,000 cubic yards would consist 
of soft rock requiring blasting. An item of 1,870,000 cubic vards 
would be involved in extending the approach channel at the Atlantic 
end from the —40 to the —60 underwater contour. It was tenta- 
tively assumed that the Government-owned seagoing hopper dredge 

S8ayOns or similar plant, might be made available on a rental basis 
(for about 1% months) to remove this relatively small amount of 
yardage from outer areas exposed to wave action. However, use of a 
pipeline dredge is believed to be feasible during the period December 
to May in excavating the corresponding wedge of material (about 3,- 
425,000 cubic yerds) from the Pacific approach. If the tidal lock is 
included in the project, an additional 13 million cubic yards of hy- 
draulic dredging will be required. 

Indicated below are the bases with respect to yardage, location 
(1947 study section numbers), and dredge-months, used in setting up 
the proposed channel dredging program for the sea-level canal. Addi- 
tional dredging work will be required on certain nonchannel features 
of the project. 
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Section Cubic yards Dredge- 


(millions) months 





Allocated to conventional-size hydraulic dredges: 
I. Atlantic approach 
V and part of VIII 
Remainder of VIII 
X. Pacific approach 


I 6 Ri as ib ake cueeletnnaneniiaammamaikatae 
Tidal lock 
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Allocated to specially designed hydraulic dredges: III. Gatun Lake 
es acre tenths encctlilaien sites ntemilasaindetins Mihae cha eae ate ahaa tise lp ah teadte cede | 





1 Includes 1,870,000 cubic yards of hopper dredge excavation. 
2 Includes 1,500,000 cubic yards in Miraflores Lake for basin at construction wharf. 
3’ For common excavation above elevation —30, 


(c) Conventional hydraulic dredging plant.—To accomplish the first 
group of items above, plus incidental work, contracts should be 
awarded in such a manner as to bring to the job three hydraulic dredges 
of 27-inch or somewhat larger capacity, plus the necessary attendant 
plant. For each of these three dredging units, the major items of such 
plant would consist of two tugs, oil, water, and derrick barges, and 
approximately 3,000 feet of pontoon line with spares. 

For work in sections V, VIII, and X, as listed above, it was antici- 
pated that pumping would be necessary in some instances for distances 
up to 10,000 feet. For the longer pipelines, a 3,500-horsepower 
barge-mounted booster plant is proposed. It is estimated that, in 
the three sections noted, a total of 75 months of booster time would 
be required. However, it is proposed to schedule the work and con- 
tracts so that only one booster barge would be required for the entire 
dredging program. 

(d) Deep-dre dging plant.—The 1947 study proposed using two sizes 
of bucket-ladder dredges for hard digging not adaptable to hydraulic 
equipment, i.e., one size for depths of up to 90 feet and a larger unit 
for maximum depths of about 145 feet. For favorable material in 
the deeper sections of Gatun Lake it was, at that time, planned to 
use a 40-inch hydraulic dredge. The present plan calls for the use 
of one dredge of the latter type; however, for reasons discussed later 
in this report, floating draglines of large capacity are proposed ior 
excavating blasted material in the summit pool below elevation 55. 

In accordance with this plan, the dredging contractor-consultants 
were asked to investigate the feasibility of and prepare preliminary 
plans and cost estimates for an hydraulic pipeline dredge of large size 
capable of working to depths of about 145 feet. Since the same group 
of contractors had made a similar investigation for the 1947 study, the 
current assignment was largely a case of extending and updating their 
previous designs and cost estimates. Hydraulic dredges approaching 
the 40-inch capacity are presently in use on the west coast and at 
least one such unit has been designed for conversion, if necessary, to 
this rating and depth capability. 

The proposed dredge would be an 8,000-horsepower, 40-inch unit, 
designed along the same lines as in the 1947 study; the estimated 1959 
cost would be about $10,500,000. Only one such dredge would be 
needed, based upon an estimated requirement of 78 dredge-months. 
Attendant plant would consist of two tugs, a 6,000-barrel fuel oil 
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barge, a 50-ton derrick barge, and a storage barge. It is estimated 
that the average pumping distance would be about 4,000 feet, and 
that six sets of pipeline would be worn out during the 78 months of 
operation. It is proposed to form this 40-inch pipe on the job from 
flat plate shipped from the United States. 

Quarters for U.S. personnel would be furnished aboard the several 
dredges; however, it was assumed that non-U.S. personnel would live 
Sor sing the zone and no provision would be made for living quarters 
ashore. 

Cognizance has been taken of the possibility that some difficulty 
may be encountered from the submerged forest in Gatun Lake. 


4. Channel excavation by other than hydraulic dredges 


(a) Contractor consultants.—As in the case of the hydraulic dredging 
program, contractors with outstanding experience in large earth- 
moving jobs were retained in a consulting capacity in the development 
of an overall plan and cost estimates for performing the nonhydraulic 
channel excavation of the sea-level conversion project. This assign- 
ment was carried out as a joint undertaking by the following organi- 
zations: 

Morrison-Knudsen Co., Inc. 

Peter Kiewit Sons’ Co. 

Perini Corp. 

The extensive analyses and practical advice made available by this 
group have been most valuable in the development of a workable and 
economical plan for excavating the unprecedented quantities involved. 

(6) Relationship to the 1947 excavation plan.—The initial step in the 
present study of construction methods consisted of a detailed review 
of the procedures proposed in the 1947 report. Complete concurrence 
was found in many of the conclusions arrived at in that study; how- 
ever, in other aspects of the problem, certain exceptions have been 
taken. The following findings appear to be amply supported by the 
data and analyses presented in considerable detail in the prior report 
and its appendices: 

(1) The general principle that water transportation of bulk 
materials will usually produce significant savings in hauling costs 
as compared to land carriers has been found to apply in the 
present case even though the average water haul for the 1947 
sea-level plan would be about 15 miles as compared to an average 
of about a 1-mile truck haul for a major portion of the spoil. 
The proposed use of bottom dump scows makes it possible to use 
much of the spoil in the various flood-control dams of the sea-level 
plan without rehandling. A major advantage of the water haul 
is that it is unaffected by adverse weather conditions during 
the prolonged rainy season. 

(2) With the sea-level canal alinement taking advantage ot the 
lower terrain, the available dry spoil areas in the reaches of deep- 
est cut are at elevations up to 400 or 500 feet. Thus, truck or 
rail disposal would require roads with relatively steep grades. 
Maintenance would be a major problem during the rainy season. 
The comparatively small ratio of truck capacity to that of the 
buckets of the larger excavators would adversely affect the effi- 
ciency of such equipment. Although a truck haul might prove 
economical for a limited amount of excavation at the higher levels 
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—above elevation 270—where disposal areas are advantageously 
located, it was estimated that the average cost of a truck opera- 
tion would be approximately twice that of a scow haul. 

(3) It was concluded that, possibly with the exception of some 
limited areas, use of conveyor belts would prove impractical and 
uneconomical for disposal purposes. The high rainfall rate, com- 
bined with the sticky quality of the shale which forms a large 
part of the excavation, would cause clogging of the chutes and 
transfer points. A particularly serious handicap of the conveyor 
system—one perhaps not sufficiently stressed in the 1947 studies— 
would be the necessity of breaking up the material into much 
smaller sizes than would be required by the dump scows. In the 
latter case, the size of the material would be limited only by the 
capacity of the excavator buckets or dippers. It is probable that 
either extensive crushing equipment would have to be installed 
or the drilling and blasting operations materially expanded. The 
crushing plants would involve frequent shifting, foundation prob- 
lems, and perhaps serious fouling from the sticky material. It is 
doubtful that the conveyors could be extended economically so 
that they could place the excavated material as fill for the flood- 
control dams. 

On the other hand, some rather serious doubts have developed as 
to certain aspects of the 1947 excavation plan. A key feature of this 
plan involved the use of a series of parallel pilot channels, with bottom 
elevation of 65, in order to bring the barges within reach of the loading 
equipment. The latter would operate from the channel banks and 
the intervening 70-foot berms at elevation 90. At this stage, sections 
of the pilot channels would be blocked off by temporary plugs and the 
resultant ‘‘cofferdam’”’ dewatered and excavated to project depth 
(elevation —60) in two steps. 

It is to be noted that the above plan would result in the 70-foot 
berms and the temporary dams having to support a maximum hydro- 
static head of more than 145 feet. Aside from whatever risk might 
be incurred from failure of the plugs, it would appear that considerable 
leakage can be expected. Some fracturing of the rock berms might 
be anticipated as the result of blasting operations. Also, any extreme 
flood levels, or wave action in the summit pool during construction, 
would materially reduce the 5-foot freeboard provided by the plan. 

In addition to any leakage which might occur through the berms 
and dams, the dewatered excavation would act as a sump for local 
runoff from relatively large adjoining areas. Unless considerable re- 
serve pumping capacity were provided, serious flooding with attendant 
damage to equipment working in a dewatered section might occur 
during heavy and protracted storms. In any case, pumping costs 
would be an important item. Equipment working in the dewatered 
sections and along the pilot channel banks and benches would be 
particularly vulnerable to slides. 

Another important divergence from the 1947 plan concerns the 
primary excavating equipment to be used for underwater digging of 
material not adaptable to hydraulic dredging. The 1947 study pro- 
posed using four each of two sizes of bucket-ladder dredges, the larger 
type being capable of working to a maximum depth of about 145 feet 
and the smaller units to 90 feet. A bucket capacity of 2 cubic yards 
was proposed for both types of dredge, a capacity of more than twice 
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that of most buckets presently in use with this type of plant. The 
estimated 1959 average cost of these units is approximately $10 million 
each. 

It is now felt that, although this type of dredge has proven very 
successful for gold-mining operations in gravel and certain conglom- 
erate formations to maximum depths of 124 feet, there is but limited, 
if any, experience in blasted rock work on which sound production 
estimates might be based. It would appear that the relatively small 
buckets—even though very materially increased above conventional 
sizes now in use—would constitute a serious handicap as compared 
with excavating equipment using buckets or dippers of 30 to 35 cubic 
yards capacity. The latter could handle individual pieces with 
maximum linear dimensions up to nearly 10 feet as compared to some- 
thing less than 4 feet for the 2-yard ladder buckets. It would appear 
that a higher degree of rock shattering would be required to com- 
pensate for this inherent handicap with consequent increased drilling 
and blasting costs. 

The relatively long ladder and bucket train would be subjected 
to high lateral stresses by side crowding from large rock masses with 
an increased danger of breakdowns. Such failures would be propor- 
tionately more serious when the total excavating capacity is confined 
to a relatively few large pieces of plant. In this respect, approxi- 
mately four 32-cubic-yard barge-mounted draglines (as proposed be- 
low) could be purchased for the cost of one large ladder dredge. 
Thus, a breakdown in one of these four units would have a much less 
serious adverse effect upon production than the downtime of one 
ladder dredge. 

(c) Proposed excavation procedures.—Although a number of addi- 
tional incidental advantages will obtain from use of the equipment 
and procedures proposed, such as proven performance, simplification 
of the spare parts problem, etc., the important and deciding factor 
became a matter of comparative costs. For the sea level canal, 
excavation and disposal methods have been worked out in considerable 
detail based upon a wide field of construction experience as made 
available by the above-mentioned consultants. Major elements of 
the plan are the use of scow disposal and the substitution of barge- 
mounted, 32-cubic-yard draglines for ladder dredges where deep dig- 
ging not adaptable to hydraulic excavation is required. Draglines of 
this size and larger are presently in use and using this equipment at 
the maximum depths proposed—to about 145 feet—presents no par- 
ticularly difficult problems. 

Based upon a proposed 10-year construction period, the key equip- 
ment required for this plan would be: 
32-cubie-yard walking draglines 
32-eubic-yard draglines of duplicate design but mounted on barges to pro- 

vide spud- equipped self-contained units - ---~---.------------- 

35-cubic-yard stripping-type shovels, also mounted on barges with spuds. - ‘ 
8- cubic-yard shovels similarly mounted on barges__-----_-------------- 
Drill barges, each equipped with 12 rotary drills.......___-_____---___- 
20,000 kilowatt floating steam powerplant 
2,000 horsepower tugs__-----------  ofticnbhead de Stes Mkt ed oy 
1 Se OONION 05068 hd Aadne base mannis res divs aioe dele ake Ciba 
500 horsepower tugs 
275 horsepower tugs - _ _- 
3,000-cubic-yard dump scows 
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Although the foregoing list comprises only the major items of plant, 
these items represent about 90 percent of the total estimated cost of 
all equipment intended for this phase of the work. 

The nonhydraulic channel and tidal lock excavation, estimated 
at about 850 million cubic yards, would be divided inte two distinct 
operations. The first operation would involve all material, dry and 
wet, lying above a water depth of 30 feet at the location concerned. 
In Gatun Lake, this corresponds to elevation 55. The second opera- 
tion comprises the excavation of all such material below this level. 
Included in these two categories are some 88 million cubic yards to be 
excavated from the islands in Gatun Lake which, in the 1947 study, 
was classed as ‘‘Wet excavation” to be removed by dipper and/or 
bucket-ladder dredges. 

(1) Excavating methods above elevation 55—Figure 16 shows in 
transverse section the first stage of the proposed scheme of operations 
in excavating a typical cut down to elevation 55 in the summit pool 
reaches of the sea level canal. A plan diagram of the same operation 
is shown as a part of figure 18. 

The first stage is carried down to elevation 55 in order to provide 
ample overdepth for the passage of tugs and barges, the latter having 
a loaded draft of about 17 feet. Drilling by land equipment and 
blasting would be accomplished in 160-foot lifts, from the original 
ground line to elevation 55, as shown in figure 16. All material above 
elevation 215, and that beyond the natural angle of repose of the 
blasted material on the side slopes of the canal section above the water- 
line, would be rehandled as necessary by the 32-cubic-yard walking 
draglines so as to bring this material within reach of the 35-cubic-yard 
barge-mounted shovels. It would then be loaded by the shovels into 
the 3,000-cubic-yard dump scows for haul to final disposal. Material 
above elevation 55 and below 215 within reach of the floating shovels 
would be excavated and loaded directly into the scows by this equip- 
ment. 

(2) Excavating methods below elevation 55—After the canal section 
has been excavated to elevation 55, in the summit pool, thus provid- 
ing 30 feet of water and room to operate, the drill barge would be 
moved in and blasting operations carried out for excavating to project 
depth. Drilling and blasting would be kept far enough ahead of the 
exacavation to provide a buffer of broken materials against each 
successive underwater shot. The smaller 8-cubic-yard barge- 
mounted shovels would be used to remove any high spots and mate- 
rial forced above elevation 55 by the blasting operations, thus insuring 
adequate draft for the scows and other floating plant. The shot ma- 
terial would then be excavated to project depth in one lift by the 
barge-mounted draglines. An average overdepth of 5 feet was as- 
sumed in scheduling the above work. Figures 17 and 18 show the 
sequence of operations proposed. 

(3) Disposal problems.—A plan of operations has been worked out 
for the disposal of materials excavated from the summit level reaches 
of the sea-level canal. This plan was based upon using disposal areas 
in Gatun Lake, as proposed in the 1947 study, for an average haul of 
about 19 miles one way. The 178 bottom dump scows included in the 


plan would have a capacity of 3,000 cubie yards, or 2,000 yards of 
rock measured in place. 
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In order to obtain optimum use of the floating plant, particularly 
the large 2,000 horsepower tugs, staging docks are proposed where the 
tug can drop its empty two-barge tows and pick up a loaded tow with- 
out waiting. The staging docks would be of the floating type, 700 feet | 
long, made up of five 140-foot barge units. The docks would be moved 
ahead as the work progresses, and kept within 1 mile of the excavation 
area in order to reduce to a minimum the shuttle haul of empty and 
loaded barges by the smaller tugs. 

A plan for the towing and disposal operation has been worked out 
in considerable detail with a view to avoiding interference to canal 
traffic. Tows would move along the sides of the regular navigation 
channels; however, some 34 million cubic yards of spoil from Miraflores 
Lakes would have to be towed through the locks for dumping at sea. 
Barge traffic control by short wave radio from dispatcher headquarters 
would be provided to coordinate with ship movements in the canal. 
Special measures would be in effect at the dumping areas to insure 
proper placement of the material to within an average depth of 20 
feet below the water surface (see figs. 19 and 20, which indicate 
disposal areas for the lock-canal and sea-level plans respectively). 

(4) Possible variations in plan.—It is assumed that if and when a 
sea-level conversion project is adopted, further detailed studies will 
be made of the economic balance between the several methods of 
excavation and disposal. For instance, it may be found that trucks or 
other types of cial carriers might be used to advantage in removing f 
the relatively narrow uppermost lifts of the deepest cuts—above 
elevation 375 for instance (see fig. 16)—in order to reduce excessive 
rehandling by the walking draglines. Any advantages of such an 
alternative method will depend upon the length of haul and attendant 
grades to available disposal areas. The possibility of employing more 
conventional types of equipment might serve to broaden the field fF 
of contractors qualified to undertake work on the project. Also, this 
high-level excavation might be combined in some manner with other f 
contracts related to lock and dam construction where use of con- 
ventional earth-moving equipment is indicated. Furthermore, it 
might be possible to perform this limited amount of excavation during | 
the dry season. 


Secrion VIII. Bases or Cost Estimates 


In the development of cost estimates as presented in this report, | 
it was necessary to make numerous assumptions and choices among | 
possible methods by which the various features of the work might be 
carried out. In many instances, the validity of the estimates is, in f 
some measure, dependent upon not only the feasibility of the selected | 
procedure, but on its actual adoption as well. Due to the unprece- | 
dented magnitude of the proposed projects, the contracting procedures | 
and scheduling of the work assume an importance almost equal to that | 
of the physical means by which it is accomplished. It, therefore, 
appears necessary to discuss briefly some of the more important factors 
which have, in some degree, affected the unit costs derived and used 
as bases for the present estimates. 


1. Major factors affecting cost analyses 


In addition to the obvious and predominant effect of construction 
methods and equipment used, the following factors involve assump- 
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tions, or a choice between two or more possible approaches to specific 
problems, which will have considerable bearing upon the cost of the 
work. 

(a) Engineering standards used in quantity determinations. 

(b) Methods used in classifying excavation for contract purposes. 

(c) Type and duration of contracts to be awarded. 

(d) Breakdown of projects into contract units. 

(e) Scheduling of work for optimum use of heavy equipment. 

(f) Allowances for engineering, contingencies, contract adminis- 
tration and supervision, and other indirect costs. 

These questions, and the manner in which they have been resolved 
in the present study, are discussed briefly under appropriate sub- 
divisions of this section. 


2. Engineering standards 

As previously noted (subsec. III-2d), no changes have been made 
in the engineering standards developed in the 1947 study in preparing 
estimates for the present report. It was definitely concluded in the 
former investigation that, from an engineering viewpoint, construction 
of a sea-level canal would not involve any insurmountable difficulties. 
It might be noted, however, that the conversion plan is considerably 
meray by the cut and fill criteria adopted for design purposes. 

(a) Use of 1947 cut and fill criteria—For conversion to a sea-level 
canal, the properties of two types of substrata will be of predominant 
importance—namely, the osu “Atlantic muck” and the Cucaracha 


rock formation. The characteristics of these two materials and their 
probable future behavior have been the subject of extensive and, in 


general, inconclusive discussions in the past. Accordingly, a brief 
discussion of these materials, from a soils mechanics viewpoint, 
appears to be in order. 

(1) Atlantic muck.—This term has been commonly applied to an 
organic silty clay underlying certain areas in Gatun Lake and to the 
north thereof. This material was extensively investigated in the 1939 
third locks study and in fact caused considerable difficulty when the 
Gatun lock excavation was undertaken in 1939-42. It was also the 
cause of serious deep-seated slides and settlement during the original 
(1910-14) construction of the Panama Railroad embankment across 
the area now covered by the lake. Since it is proposed to enlarge a 
portion of this railroad embankment to form the Monte Lirio Flood 
Control dam of the sea-level canal project, these past difficulties have 
lead some engineers to question the success of such a plan. The top 
width of the existing embankment (elevation 92) would be increased 
to 100 feet and the present berms widened to 300 feet and raised to 
‘levation 65. Particular concern has been expressed as to the stability 
of the proposed dam on the side facing the canal when a rapid draw- 
down of the lake level occurs in an estimated period of 7 days during 
the final conversion to a sea-level canal. 

Cohesion values of this material in the undisturbed state, as found 
in the third locks investigations, were consistent with actual slope sta- 
bilities observed during excavation for the third locks at Gatun. 
Assuming that the muck deposits under the railroad fill had similar 
undisturbed properties, the factor of safety of the existing embankment 
has been calculated as being close to unity at the time it was built. 
Slides which occurred during the construction of the embankment 
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indicate that the magnitude of the computed factor of safety is correct. 
However, using cohesion values obtained from six borings made for the 
1947 studies at or in the vicinity of the railroad fill, a factor of more 
than 2.0 was obtained for the existing embankment. This un- 
expectedly high value may have been due to several causes including: 
(1) the samples tested may not have been representative because the 
weakest samples could not be used for this purpose, or (2) the samples 
were taken in areas where their natural shearing strength had been 
increased by consolidation resulting from the imposed weight of the 
embankment which caused settlement of as much as 20 feet in the 
underlying muck formation. 

The stability of the canal side of Monte Lirio Dam during rapid 
drawdown would depend only partly on the presumably higher 
strength of the muck loaded by the railroad embankment since the 
major portion of the “slip circle’ would extend outside the preconsoli- 
dated soil. In order to obtain a rough measure of the possible effect 
upon quantity estimates which might result from the less favorable 
of these derived strengths, a stability analysis was made based upon 
cohesion values of the unconsolidated muck ascertained in the third 
lock test. From this, it was found that to obtain a factor of safety of 
1.50 the width of the berm on the canal side of the dam would have to 
be increased from 300 feet, as proposed, to approximately 700 feet. 

Although this represents a material increase in fill quantities, 
its effect upon cost estimates would not be significant since the berms 
would consist of spoil material for which disposal areas must be pro- 
vided in any case. Therefore, the present cost estimates are based 
upon the Monte Lirio Dam cross sections with 300-foot berms as pro- 
posed in the 1947 study. However, if the sea-level conversion plan 
is eventually adopted, additional investigations of the muck under- 
lying the proposed dam should be carried out. In addition to the 
testing of undisturbed samples, in situ testing by vane-shearing 
methods should be undertaken before final designs are developed. 

(2) Cucaracha formation.—This relatively weak rock formation 
has been the cause of the more serious slides which have occurred 
in Gaillard Cut, both during and since the original construction. It is 
also a major factor in necessitating the removal of some 750 million 
cubic yards of material which would have to be excavated in this 
reach in converting to a sea-level waterway. This results largely from 
the necessity of stabilizing the side slopes by unloading the Cucaracha 
substrata, not only where this formation is exposed at the surface but 
also where it carries a superimposed load of much harder rocks. 
Obviously, whatever design standards are eventually adopted for the 


side slopes in this deep-cut section will greatly influence the ultimate 


overall cost of the conversion plan. 

Due to the impracticability of obtaining undisturbed samples from 
the deep-seated weakest parts of the Cucaracha formation, it was 
necessary in the 1947 study to resort to an indirect method in estab- 
lishing side-slope criteria for the sea-level canal. Measurements were 
made of the highest existing slope of the canal that is supported by 
this formation ani which has remained stable for many years with 
no slides observable. The assumption was then made that this exist- 
ing slope has a factor of safety against sliding of unity. Since this 
resistance to sliding is, in theory, a function of the internal angle of 
friction (®) of the material and its cohesion value (c), the latter ‘value 
could be calculated after laboratory friction tests had determined ® 
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by direct measurement. Having established these two basic properties 
of the material, a curve was developed for the side slopes of the pro- 
posed deeper cuts which would provide a factor of safety of not less 
than 1.3. This value is necessary because some doubt may still exist 
whether the laboratory value of @ represents the minimum that might 
be found in the weakest Cucaracha layer. (See the symposium on 
Panama Canal sea-level project in Transactions ASCE, vol. 114, 1949; 
article ‘Excavation Slopes” by Wilson V. Binger and Thomas F. 
Thompson on p. 734; also discussion on p. 898.) 

The above approach to the problem and the applicability of the 
1.3 safety factor have been the subject of considerable discussion 
among recognized authorities in the field of soils mechanics. The 
points at issue do have an important bearing upon ultimate costs. 
For instance, it has been held that since the existing slopes are ap- 
parently stable they must have an inherent factor of safety of at least 
1.0 and might well exceed this value. In other words—as is argued by 
some—it is theoretically unnecessary to introduce the additional 0.3 
into the analyses since there is already an “in-built” assurance against 
actual failure of the higher slopes by the observed behavior of those 
existing. It has been estimated that, with a factor of 1.0 rather than 
1.3, excavation could be reduced by about 65 million cubic yards. 

On the other hand, the opinion has been expressed that the Cuca- 
racha formation, which had been relieved of part of its loading by 
previous excavation, may expand over a period of many years and 
lose much of its original shearing strength, thus justifying even flatter 
mune than those proposed in the 1947 study based upon a 1.3 safety 
actor. 

Regardless of the validity of this possible trend toward future decay 
of Cucaracha strength, additional flattening of the slopes during initial 
construction in anticipation of this contingency does not appear to be 
justified. Many years may elapse before incipient slides develop, at 
which time corrective measures could be undertaken. Not only would 
this avoid capital outlays during the intervening period but, in any 
case, the ultimate total of yardage excavated would not be increased, 
and might be reduced, since it would be based upon observed rather 
than forecasted behavior of the slopes. 

In view of the above, it would appear that the 1947 side slope 
criteria, based upon a safety factor of 1.3, provide adequate assurance 
against slides which could impose serious threats to the uninterrupted 
use of a sea-level canal. These criteria, therefore, have been retained 
as the bases of the current estimates. (See figs. 45 through 48, follow- 
ing sec. LX, for slope curves.) However, if and when a sea-level 
conversion project is adopted, an additional testing program of the 
Cucaracha formation should be undertaken. It is also possible that 
such an extensive study of the Cucaracha formation might produce 
other and more economical means of providing slope stability than 
mere flattening. For instance the so-called chemical electro-osmosis 
treatment, or the use of high-heat jets in bore holes, appear to have 
already shown some promise. 


3. Classification of excavated material 


In the 1947 study, excavation quantities were subdivided, for cost 
estimating purposes, into four classifications: common excavation, 
such as earth and other unconsolidated materials; and soft, medium, 
and hard rock, 
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This question of classification has been given considerable study 
during the present investigation which has led to the conclusion that 
for contract bidding and payment purposes all excavation should be 
assigned either one of two classifications as follows: 

(a) Hydraulic excavation.—This would include all submerged mate- 
rial which could be removed by modern pipeline dredges with adequate 
cutter head power. This classification could include some of the softer 
rock formations in Gatun Lake as well as muck, sand, gravel, and 
other unconsolidated materials. (A limited amount of hopper dredge 
work may be required in the more exposed areas of the Atlantic 
approaches. ) 

(b) Unclassified excavation.—This would include all channel excava- 
tion other than that removed by hydraulic dredges. It would cover 
the full range of materials from soil overburden to hard rock and 
include both in-the-dry and underwater excavation by various types 
of equipment as discussed in the previous section on construction 
methods. 

The principal advantage of this procedure would be to greatly 
simplify contract administration and the determination of partial 
payments. ‘The usual controversies over the proper classification of 
various materials would be avoided since the designation would de- 
pend upon whether the work was performed by hydraulic dredges or 
otherwise. The number of necessary quantity measurements would 
be greatly reduced, thus materially decreasing the inspection and 
engineering forces required. 

The unit prices developed in this investigation are based upon adop- 
tion of the above procedure. Although the ultimate determinations 
represent average costs, proper cognizance has been taken of the more 
important controlling factors including, among others, the relative 
quantities of the several types of material—common excavation, and 
the various classes of rock excavation—which would be encountered. 


4. Type and duration of contracts to be awarded 


The magnitude of the projects and the probable duration of the 
construction period will create some rather difficult problems in con- 
tracting the work. This is particularly true in the sea level conver- 
sion plan. 

The ultimate cost of the work will depend to a considerable degree 
upon obtaining the most effective use of large equipment and plant 
during the entire construction period. In general, this means the 
fewest number of contracts, each of longest practical duration. It is 
apparent that special provisions in the contract setup will be neces- 
sary if the work is to attract contractors capable of undertaking the 
large-scale operations involved. 

The 6- to 10-year period over which construction would be in prog- 
ress is several times the normal duration of even the largest projects. 
Recent economic trends and inflationary pressures will tend to dis- 
courage commitments for such prolonged periods unless some form of 

rotection is provided for the contractors against these contingencies. 
he bonding problem may also present some difficulties. Aithough 
amounts up to $13 million have been included in the cost estimates 
for performance and payment bond premiums, this assumes that a 
sufficient number of prospective contractors with the necessary bond- 
ing capacity can be attracted to perform the work within the esti- 
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mated time limits. Representative surety organizations have ex- 
pressed serious doubts as to the feasibility of meeting this bonding 
problem for fixed-price contracts in excess of about $50 million or 
extending over a period greater than about 4 years. 

In the present investigation, although it is realized that adherence 
to the larger contracts will tend to reduce competition, the cost esti- 
mates have been based upon this concept. The adopted procedure 
provides better utilization of heavy equipment and campsites, mate- 
rially reduces the number of personnel required, and eliminates other 
duplications of effort and facilities. However, the success of this plan 
will depend considerably upon the formulation of contract provisions 
which not only protect the Government’s interests but also eliminate, 
or reduce to a minimum those features which would place unnecessary 
financial burdens upon those agencies responsible for construction. 
The essential features of several different types of contracts which 
accomplish this result in varying degrees are briefly outlined below. 

(a) Negotiated cost-plus-fixed-fee management contract.— This arrange- 
ment would be based upon a single overall management type of con- 
tract which might be negotiated with a selected group operating as a 
joint venture, which would combine wide experience in the manage- 
ment and construction of large-scale projects. In general, U.S. Gov- 
ernment cost-plus-fixed-fee procedures could be followed, and provi- 
sions made for subcontracting large sections of the work either on a 
fixed-price or cost-plus-fixed-fee basis as might be suited to the par- 
ticular feature of the work involved. 

The principal advantage of this type of contract is that it provides 
an opportunity of minimizing duplications of construction equipment, 
temporary housing, and construction forces. On the other hand, it 
entails an excessive amount of cost accounting and a greatly increased 
number of administrative and supervisory personnel. There is less 
effectual control of the work by the responsible agency with the result 
that construction procedures used are not always the most economical, 
due, in large measure, to the absence of an incentive for superior 
performance. 

(b) Target-estimate-fee type contract.—This is a variant of the single 
overall managerial type of contract and is designed to correct one “of 
the major deficiencies of the usual cost- plus-fixed- fee arrangement, 
i.e., the lack of an incentive factor. Bonus and penalty provisions 
would be incorporated whereby the selected management organization 
could increase its fee through exceptional performance or, in turn, be 
penalized for inefficient work. This form of contract is often used 
where conditions are unknown or more uncertain than usual. 

A management agency or joint venture group would again be chosen 
from a list of selected organizations with previously established quali- 
fications. The provisionally selected group would then submit a 
target estimate of the cost of the project. If this estimate is accept- 
able, or can be adjusted by mutual agreement, the group would pro- 
ceed with the work as an administrator for the Government. The 
administrator would furnish all supervision, recruit necessary labor 
direct the work, plant and camp, and be responsible for project 
accounting. After receiving prior approval of all equipment require- 
ments, the administrator would purchase or otherwise orn ship, 
erect and operate all required equipment as an agent for the Govern- 
ment, title of ownership for such plant remaining with the 
Government. 
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Adjustments would be made as required in the target estimate for 
changes in the scope of work, variations in the cost of equipment and 
supplies, changes in labor wage scales, and quantity variations. 

The administrator’s fee would consist of an agreed percentage of 
the adjusted target estimate. The bonus would be on the basis of 
an agreed percentage of any underrun in actual cost below the adjusted 
target estimate. ‘This bonus would be added to the basic fee, the total 
compensation not to exceed a stipulated combined percentage. 
Similarly, a penalty would be assessed as a percentage of any overrun 
in actual cost above the adjusted target estimate and deducted from 
the basic fee until the total compensation is reduced to a stipulated 
minimum percentage. 

(c) Fixed-price contract with price redetermination.—Based upon 
information obtained from representatives of the contracting and 
insurance field, it is apparent that some means must be provided for 
reducing the financial burden of the contractors if a workable break 
down into a limited number of large contracts is to be used as proposed 
hereinafter. The primary objections could be eliminated by dividing 
the overall contract period into two or more phases of from 3 to 4 years 
each. At the end of each such phase, the previously applicable fixed 
price would be reviewed as to costs and progress of the work and the 
contracts in force renegotiated on a continuing basis. In the event 
of failure to reach an agreement, the contract would be terminated and 
the Government would take possession of all plant and equipment and 
call for new bids. 

In order to place the undertaking within the financial capabilities 
of even the largest contractors, some or all of the following contract 
provisions would probably be necessary for a fixed-price type of 
-contract: 

(1) Reduction in the usual percentages by which the amount 
of performance and payment bonds are fixed, perhaps an upper 
limit of about $5 million. 

(2) Establish plant and equipment costs as a separate item in 
the bid schedule, advance payment for which would be made 
during manufacture and payment in full, without a retained per 
centage, made when the equipment is delivered to and assembled 
at the site. 

(3) Retained percentage to be limited to not more than about 
one-half the usual 10 percent, with a fixed upper limit to the 
retained total of from $2 to $5 million, depending upon the mag- 
nitude of the contract concerned. After 50 percent of the work 
is completed, successive monthly refunds of the moneys retained 
would be made as the job progresses toward completion. 

(4) Provide 100 percent escalation for increased costs, above 
the base rates agreed upon in the original contract, for labor, 
taxes, insurance, materials, and supplies during both the initial 
and subsequent phases of the contract. 

(d) Fixed-price contracts expiring after a given period.—This arrange- 
ment would be similar to the immediately preceding plan except that 
instead of renegotiation the contracts would be terminated after the 
initial phase and new contracts awarded. Some provisions to lighten 
the contractor’s financial burden similar to those noted above would 
again be in order. 
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§. Proposed breakdown into contract units 


As noted in the preceding subsection of this report, more effective 
use of heavy equipment and service facilities, with attendant lower 
costs, will result from dividing the total work required under the three 
plans into a limited number of large-scale contracts. This is par- 
ticularly true of the sea-level conversion plan. In the latter instance, 
Seven major contracts are proposed for the channel excavation which 
is to be performed by other than hydraulic means. However, it may 
be found advantageous to further divide the largest of these seven- 
contract E-1, involving some 275 million cubic yards of excavation, 
into two increments. It is also possible that two or more of the smaller 
contracts might be profitably combined. The pipeline dredge work 
for the sea-level canal would be split into four contracts, one of which 
would include all excavation to be performed by the specially designed 
40-inch hydraulic dredge. 

Details of the proposed contract allocations for plans IT, III, and IV 
are shown in figures 21, 28, and 37, respectively. The distribution of 
excavation quantities are shown, for these three plans, in figures 22, 
29 (plan I1I—two lifts), 30 (plan [1 ]—three lifts) and 38. 


6. Construction schedules 


In developing tentative construction schedules for the present 
study, the primary considerations were: (1) Obtaining optimum 
utilization of heavy or specially designed equipment and service facili- 
ties; (2) reducing to a minimum interference with canal traffic; and 
(3) completing the work in the shortest possible time consistent with 
economy of construction. 

(a) Lock-canal schedules.—It is estimated that about 2 years may 
elapse between the date of authorization and initiation of construction 
for subsurface exploratory work, engineering design, preparation of 
contract plans and specifications, and the negotiation and award of 
contracts. The proposed construction schedule for the locks of plan 
II is shown in figure 23 and for the overall work in figure 24. Ap- 
proximately a 7-year program, after notice to proceed with construc- 
tion, is contemplated for the basic plan II, or a total of 9 years follow- 
ing authorization. 

Supplementary construction schedules have been prepared based 
upon adoption of either the La Pita or Empire Cutoff alternatives as 
indicated in figures 25 and 26, respectively. It might be noted that, 
although the La Pita Cutoff alinement involves considerably less 
excavation than that of the Empire alternative, the latter is scheduled 
for a 1-year shorter construction period (8 years) than the former (9 
years). This is largely due to channel configurations whereby it will 
be possible to work the Empire Cutoff from four headings as compared 
to only two at La Pita. Also, even in the case of these two headings, 
the number of pieces of floating plant must be severely restricted dur- 
ing the initial work in the entrance sections of the cutoff in order to 
minimize interference with canal traffic. 

No particular problems are anticipated with respect to traffic inter- 
ference during construction of the locks for plan II since the new struc- 
tures would be at some distance from the existing locks. Also, much 
of the excavation at the Miraflores and Gatun sites was completed 
under the 1939 authorization. 
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Similar schedules are shown for plan III in figures 31 to 35, inclusive, 
for both the two- and three-lift schemes and the two alternatives—the 
La Pita and Empire Cutoffs. A 10-year construction program is pro- 
posed for the basic plan III in addition to a 2-year interval between the 
date of authorization and notice to proceed with construction, or a 
total of 12 years. 

Special measures will be required in plan III to prevent traffic inter- 
ference in raising Miraflores Lake from its present elevation 55 to that 
of Gatun, particularly in the addition of upper chambers for the exist- 
ing locks at Miraflores. It will be necessary to closely coordinate the 
work at the latter site with the construction of a bypass channel at 
Pedro Miguel. For this reason, it is proposed to include the work at 
both locations under one general contract. 

In developing a plan of operations for this consolidated third locks 
project, a considerable departure from the 1947 program is made in 
order to gain the advantages of the higher Miraflores pool in about the 
6th year of construction rather than in the 10th as formerly pro- 
posed. This is accomplished by constructing the upper chamber 
after, instead of before, raising the pool. 

The first phase would consist of constructing the new locks at 
Miraflores which are designed to accommodate canal traffic at either 
lake elevation 55 or 87. Prior to raising the lake level, traffic would 
be diverted to the new locks and the cofferdam constructed at the 
upper chamber site. Concurrently with construction of the new lock, 
a bypass channel west of the existing Pedro Miguel locks would be 
excavated leaving a plug at the north end. After the new Miraflores 
lock has been completed and Miraflores Lake raised to elevation 87, 
canal traffic would be channeled through the flooded existing Pedro 
Miguel locks. Provision has been made in the estimates for building 
up the southerly portions of the present center wall of Pedro Miguel 
lock to elevation 92 in order to eliminate navigation hazards, and to 
permit the temporary operation of the towing locomotives. Suitable 
obstruction markings would be provided only for the east and west 
approach walls at the south end of Pedro Miguel locks. However, 
during the later stages of construction, the south portion of the west 
approach wall will have to be removed down to at least elevation 30, 
since it will lie within the future channel prism. 

After construction of the upper chambers, traffic would be redi- 
verted to the existing Miraflores lock and necessary incidental work 
at the new lock completed, including the emergency dam. The north 
plug of the Pedro Miguel bypass channel would them be removed and 
traffic diverted thereto. 

It is estimated that about $15 million additional costs would be 
required in advancing use of the extended summit lake by 4 years. 
A special caisson for 80 feet of head would have to built for the new 
locks and an even higher (112 feet) cofferdam to enclose the upper 
chamber construction. However, it is believed that the advantage 
gained by the earlier use of the higher Miraflores pool fully warrants 
the additional expenditure. The channel work between Gatun and 
Pedro Miguel has been scheduled for completion to coincide with this 
6-year program. 

b. Sea-level conversion schedule.—As will be noted in figure 39, plan 
IV has been programed for 10 years following a leadtime of 2 years 
prior to notice to proceed with construction as in plans II and III. 
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An initial period of about 1 year has been included in the 10-year 
construction period for the manufacture andor mobilization of the 
numerous items of hevy equipment and plant required. 


7. Estimating procedures 


As previously explained in section VII, two groups of contractor- 
consultants were retained to assist in the development of a plan of 
operations and cost estimates for the excavation portion of the work. 
‘Although, in general, no unusual engineering sutlebiss are anticipated 
in connection with the lock structures, the magnitude of the work in- 
volved indicated that ultimate costs would depend considerably upon 
the effectiveness of the construction program and methods adopted. 
Therefore, the advice of an organization with wide experience in the 
heavy construction field—the Merritt-Chapman & Scott Corp.—was 
obtained in this phase of the current study. Their assistance has 
been most valuable and is reflected in prospective savings based upon 
an experienced contractor’s approach to the problem. 

(a) Major features.—Cost estimates for the major features of the 
work, such as channel excavation, locks, mechanical equipment, 
service facilities, and temporary camps were developed by detailed 
analyses and pricing of all significant items entering into such costs 
with appropriate adjustments made for Panama oonieeds: In many 
instances, it was possible to extend the unit prices thus obtained to 
other components of the work which, though similar in nature, were 
not specifically covered in the detailed derivations as initially devel- 
oped by the contractor-consultants. This situation occurred in such 
components as the flood control works of plan IV and certain reaches 
of the channel in Gatun and Miraflores Lakes, including the La Pita 
and Empire cutoffs for plans JI and III. Jn these instances, due allow- 
ances were made for the differences in quantities involved, site factors, 
and any changes anticipated in the construction methods to be used. 
These detailed estimating procedures were applied to items represent- 
ing from about 78 to over 93 percent of the total estimated costs of 
the three basic plans. 

(b) Minor items.—In the 1947 study, lump-sum estimates only 
were presented for many minor items. Since there is no direct method 
in which these costs can be updated to reflect 1959 conditions without 
a detailed review of the 1947 designs, in many instances the present 
estimates covering these minor items were derived by applying cor- 
rection factors to the corresponding 1947 prices. In developing these 
indices, the usual standard reference sources were used to establish 
ratios between 1959 and 1946 (the base year of the 1947 study) for 
both materials and labor. Although the indices were derived for 
numerous items, the overall trend is of interest. General construction 
costs in the United States have increased 2.27 times since 1946. On 
the other hand, excavation costs have increased on the average of 
only 1.14 times the 1946 values for large earthmoving jobs, although 
not comparable in magnitude to the Panama projects. Some typical 
values for this trend in the more important subitems are indicated 
below for in-place unit costs in the United States: 
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In applying these indices to work not analyzed in detail, appropriate 
adjustments have been made for Panama wage scales for both U.S. 
and local workers. 

(c) Mechanical and electricol work.—Estimates have been based upon 
equipment similar to that proposed in the 1947 study, with proper 
deductions for excluded items such as involved in the conversion to 
60 cycles. Considerable information was available on equipment costs 
for the St. Lawrence ship canal project. These were adjusted upward 
to account for observed cost trends in this field since the 1956 contracts 
were negotiated for that project and for other factors. 

(d) Allowance for indirect costs—As previously explained (see sub- 
section III—2c), the present cost estimates were prepared on the basis 
of absorbing all contractor’s costs in the unit prices for various per- 
sonnel facilities and services such as temporary housing, schools, 
utilities, hospitalization, messes, recreational features, etc. Although 
the presently proposed breakdown into contract units and scheduling 
of the work is designed to eliminate unnecessary duplication of these 
facilities, it is apparent that, as a result of this changed procedure, 
indirect costs as a percentage of the contractor’s direct expenditures 
will be somewhat increased over the 1947 ratios. 

In the 1947 study, indirect costs (with service facilities carried in a 
separate schedule) were esuumated as equal to a maximum of about 
31 percent of the direct cost on such features as the locks. In the 
present investigation, indirect costs have been apportioned at from 
about 39 percent for such items as relocations, highways, and harbor 
improvements, up to 52 percent for the lock work at.Gatun and the 
flood control dams. Where it was assumed that certain camp and 
service facilities could be used successively in connection with two or 
more construction contracts, an equitable allocation of the costs 
thereof was made as indirect charges. On this basis, the calculated 
indirect costs amounted to as little as about 27 percent on major items 
of channel excavation. 

In those instances where it became necessary to project the 1947 
estimates forward by means of construction cost indices, the indirect 
cost factors were excluded before applying the appropriate index. 

(e) Allowance for c contingencies. —After obtaining an estimated total 
of direct and indirect unit cost, a contingency allowance of 10 percent 
of this combined amount was added. It should be noted, however, 
that this item is intended as a margin of safety against unforeseen 
physical conditions which adversely affect production rates and is not 
intended as a hedge against possible future inflationary trends in con- 
struction costs. The derived unit prices reflect conditions as of early 
1959. Obviously, any attempt to forecast price structures for 10 or 
more years in advance would be meaningless. In those relatively 
minor items where the present estimates were obtained by applying 
an index factor to the 1946 prices, the resultant contingency allowance 
would be the same as assumed in the former study for that particular 
item, varying from 10 to 15 percent depending upon the class of work 
involved. 

(f) Allowance for contractor’s profit.—For those major features, such 
as channel excavation and the locks, where unit prices were derived 
by detailed analyses, an allowance of 10 percent was made for con- 
tractor’s profit. This percentage was applied to unit prices, including 
the above contingency item. Again, in those instances where the 
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present estimates were derived by applying an index factor to the 1946 
prices, the resultant profit would be the same as assumed in the former 
study varying from 10 to 15 percent. 

(g) Allowances for engineering and related items.—The principal sub- 
items in this category would be the necessary exploratory work and 
tests, engineering designs including preparation of contract plans and 
specifications, and supervision and inspection (materials and on-the- 
job) during construction. Due to the generally more complex nature 
of the structures involved in the two-lock-canal plans, it is to be ex- 
pected that the engineering and supervision effort will be considerably 
greater than that needed for the sea-level project, particularly with 
respect to design requirements. In the conversion plan, the amount of 
inspection effort required, especially in the preparation of progress pay- 
ments, will mainly depend upon the adoption of a single unclassified 
category for nonhydraulic excavation as proposed in this report. 
The allowance for the cost of engineering and related items is predi- 
cated on such adoption. 

In recognition of the above factors, an item for engineering design 
and supervision, exploratory work, and inspection of materials has 
been added to the total of other costs in the amount of 8 percent for 
= two-lock-canal projects and 7 percent for the sea-level conversion 

an. 

7 (h) Indirect cost items not included.—It should be noted that, al- 
though inspection costs have been included in the estimates, it is 
recognized that some additional expenditures by the Government will 
be necessary for contract administration purposes regardless of the 
type of control organization—managerial or otherwise—eventually 
adopted. Also, it is to be expected that current governmental expend- 
itures in certain other fields will have to be increased during the con- 
struction period, such as police, fire and health measures, highwa 
construction and maintenance, and for other administrative overhead. 
No allowances have been made for these additional expenditures by 
governmental agencies; however, it is probable that they will bear 
some indirect relationship to the temporary increase in the zone’s 
population due to the influx of workers and their dependents. Figures 
ed 36, and 40 indicate these personnel requirements for the three basic 
ans. 

In general, no credit has been taken for the possible salvage value 
of plant and equipment after completion of the project. However, 
for major items having a longer life expectancy, sucb as the 40-inch 
hydraulic dredge, it is expected that special accounting procedures 
will be in order depending upon the type of construction contract 
adopted. 

No allowances have been made for interest during construction 
although it is recognized that such would constitute a legitimate 
charge in any comparative analysis of the overall economics of the 
proposed plan of development. 


8. Alternative estimates for highway crossing at Gatun 


In the 1947 study, provision was made for a highway crossing of 
the canal in the vicinity of Gatun locks. A bridge was proposed for 
the lock-canal plans and a tunnel for the sea-level project. Although 
such a crossing would serve only a limited demand for highway access 
to a comparatively small area west of the canal, including Fort 
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Sherman and Gatun Dam, a study has been made as to the relative 
advantages and costs of a bridge versus a tunnel crossing at this point. 

(a) Bridge crossing.—The design of a bridge and its approaches 
must be considered separately for lock-canal plans II and III due to 
differences in the locations and dimensions of the proposed locks under 
these two plans. In either case, the bridge should not be located 
over the lock chamber, otherwise excessive delays to highway traffic 
would be incurred while the span is open during a lockage operation. 
The proposed routing and connections with existing highways for 
plan IT is shown in figure 41. 

The crossing of the new lock would consist of a symmetrical swing 
bridge with 216-foot spans. The existing highway crosses the present 
Gatun locks immediately north of the lower gates by a movable span 
of limited capacity carrying a single-lane roadway. Under both 
plans IT and III, it is proposed to replace this facility by transferring 
for reinstallation at the Gatun locks the existing swing spans and 
their approach viaducts now at Miraflores locks. This Miraflores 
crossing will be no longer needed after the new high-level bridge at 
Balboa, now under contract, is completed. 

Under plan III, two different treatments of this crossing problem 
become necessary, the choice depending upon whether a two-lift or 
a three-lift scheme is adopted (see subsec. V—3a). Figures 42 and 43 
show the proposed highway approaches and spans for these respective 
arrangements. It will be noted that both solutions vary somewhat 
from that proposed for plan IT. 

No estimates have been prepared for a bridge crossing of a sea-level 
canal at the Atlantic approach. Both the practicability and need 
for such a structure are apparently open to serious question. The 
navigation hazard alone would appear to eliminate this proposal from 
further consideration. Also, with the abandonment of facilities at 
Gatun Dam, as proposed under plan IV, the need for highway access 
to this west-side area should be materially reduced. Furthermore, it 
is understood that the company would favorably consider the provi- 
sion of ferry service at this location if the sea-level plan is adopted. 
It is also indicated that ferry boats could be made available from the 
Thatcher Ferry at Balboa, since this service will no longer be required 
after completion of the high-level bridge. The cost estimates for 
plan IV are based upon the above assumptions and include a roadway 
fill over the abandoned Gatun lock approach. 

(6) Tunnel crossing —The studies for a tunnel crossing under the 
proposed new locks were based upon an alinement which would be 
suitable for not only the lock plans but for the sea-level conversion as 
well. For estimating purposes, a reinforced concerte cylinder of 32 
feet internal diameter is proposed, with a portal-to-portal length of 
2,800 feet. A two-lane 24-foot roadway would be provided and pro- 
vision made for ventilation and other incidental features. The por- 
tion of the tunnel under the existing third-locks excavation would be 
constructed in open cut. Under any of the lock schemes, it is proposed 
to transfer the present swing span at Miraflores and reconstruct it as a 
crossing at the existing Gatun locks as explained above. 

(c) Comparative costs.—It is estimated that the tunnel scheme will 
cost approximately twice that of the bridge solutions for the lock 
canals, 1.e. about $10,500,000 as compared to $4,900,000 applicable 
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to plan II, $5,350,000 for plan III with two lifts, and $5,450,000 for 
jan III with three lifts. In each of these plans, an item of $3,400,000 
a been included as the estimated cost of transferring and reconstruct- 
ing at Gatun the surplus Miraflores bridge and approach viaducts. 
Although a prospective saving of $4 or $5 million is indicated by 
viding a bridge crossing, it 1s possible that other considerations 
may be of comparable importance. However, the cost estimates are 
based upon a bridge crossing for plans II and III and a ferry for 


plan IV. 
9, Alternative source of concrete aggregate 


There are a number of deposits of basalt and other igneous rocks 
suitable for coarse aggregate within comparatively short distances of 
thelock sites. Also, the Chagres River Valley near Gamboa would 
povide an ample supply of sand and gravel for use as fine aggregate. 

In the cost estimates, it was assumed that concrete aggregates 
would be taken from the most advantageous locations from the point 
of view of overall costs. However, other factors may influence this 
choice. It has been pointed out that the stability of the proposed 
channel sections and side slopes in the vicinity of Gold Hill might be 
improved if the upper levels of that hill were removed so as to unload 
smewhat the underlying strata. It has been suggested that two 
puposes might be served if Gold Hill could be used as a source of mate- 
ral for crushed aggregate, assuming that the character of the rock is 
found satisfactory. 

Although this possibility has not been investigated during the 
present study, it appears that aggregate costs might be increased if 
theGold Hill source were used, in which case the advantages which 

ight accrue from improved stability in Gaillard Cut would have to be 
suchas to warrant the additional expenditures. Since concrete, and 
henee aggregate, costs constitute a major item in the two lock-canal 

, considerable moneys are involved in this decision. Therefore, 
nthe present report, the cost estimates are based upon the assump- 
tia that the least expensive sources of aggregate would be used 


(see fig. 44). 


Section IX. Deraitep Cost EstIMATES 


|, Arrangement of data 


In the tabulations which follow, extensions of quantities and 
pnees—unit or lump-sum—are shown for the more important itenis, 
components, of the several proposed plans and their alternatives. 

presented are cost summaries—tables A, B, and C—for each of 
he three basic plans II, III, and IV, respectively. Under each of 
ese three summaries are listed some 15 or 16 different items, o1 
physical components, the designations of which in most instances 
hpresent major facilities based upon their intended operational 
a rather than on the type of construction involved. In order 
facilitate comparisons between the current estimates and those of 
the 1947 study, items appearing in the three summaries bear the same 
umber designations as the corresponding items in the earlier study. 
$a result, certain items are shown as “omitted” due to having been 

inated or otherwise accounted for in the current investigation. 
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PLAN II - EXCAVATION QUANTITY DISTRIBUTION 
(in thousands of cubic yards) 


Medium | Hard 
Location Area | Common Rock Rock 


Atlantic Entrance 
Cristobal Harbor 
Cristobal Anchorage 
Gatun Locks 

Lock Approach Channel 
Pedro Miguel Locks 
Miraflores Lake 
Miraflores Locks 
Pacific Entrance 
Balboa Harbor 


=, 


ELA crcesSsrrecssete 


TOTAL "A"** a 65,857 6,755 aethe 96, 983 


BASIC PLAN 
SS 


Total "A". . 65,857 ° ° 11,094] 96,983 


BEA CULTS CLT Sss ss 


Gatun Lake 


Deepening, Sta. 770 to Sta. 1646 ? 19, 100 
Gaillard Cut 


Widening, Sta. 1666 to Sta. 1889 4,087 .; é 15,352] 32,556 
Deepening, Sta. 1646 to Sta. 2096 1,235 


TOTAL | | 90,279 | 17,017 | 25,217 | 28, 226 |160, 739 


a 


x2 


EMPIRE CUTOFF 
a 


a 


Total "A" : 11,094] 96,983 


Gatun Lake 

Sta. 770 - Sta. 1450 (Juan Grande P.I. 
Sta. 1450 - Sta. 129% 

Gaillard Cut 

Sta. 129* - Sta. 343* 

Sta. 1826 - Sta. 1889 

Deepening Sta. 1889 - Sta. 2096 


TOTAL 


i ta 
Set 


LA PITA CUTOFF 


Total "A" 11,094] 96, 983 
Gatun Lake 
Deepening Sta. 770 - Sta. 1646 23,900 


Gaillard Cut 

Widening Sta. 1660 . Sta. 1764 . 7,374 
Deepening Sta. 1646 - Sta. 1764 1,373 
Cutoff Sta. 1764 - Sta. 1889 61,500 
Deepening Sta. 1889 - Sta. 2096 3, 685 


* Empire Cutoff Stationing 
** Items common to Basic Plan 
and both alternatives 
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PLAN III - 2-LIFTS-EXCAVATION QUANTITY DISTRIBUTION 
(in thousands of cubic yards) 


Atlantic Entrance 

Cristobal Harbor 

Cristobal Anchorage 

Gatun Locks 

Bypass Approach Channel 
Pedro Miguel Bypass Channel 
Miraflores Lake 

Miraflores Locks 

Pacific Entrance 

Balboa Harbor 


11,300 1,290 > - 
5,950 500 550 - 
33,000 - ° ~ 
4,841 3, 884 - - 
4,150 6, 383 - 5,796 
3,315 614 - 402 


6,273 318 ° 2,735 
7,495 1,040 1,210 2,345 
996 - 600 200 


TOTAL a 77, 320 | 14,029 | 7,935 | 11,478 


mori ini wiw~- 


BASIC PLAN 


Total "A" ° 14,029 


Gatun Lake 

Deepening Sta. 770 - Sta. 1646 ° 2,470 
Gaillard Cut 

Widening Sta. 1666 - Sta. 1889 i, - 
Deepening Sta. 1646 - Sta. 2096 . 1,834 


TOTAL ba 106, 908 | 18, 333 | 28,138 | 23, 388 


EMPIRE CUTOFF 


Total "A" ° 14,029 


Gatun Lake 

Sta. 770 - Sta. 1450(Juan Grande P.I.) ; 2,470 
Sta. 1450 - Sta. 129* ° 5,815 
Gaillard Cut 

Sta. 129* - Sta. 343* 

Sta. 1826 - Sta. 1889 

Deepening Sta. 1889 - Sta. 2096 


LA PITA CUTOFF 
Total "A" 


Gatun Lake 

Deepening Sta. 770 - Sta. 1646 
Gaillard Cut 

Widening Sta. 1666 - Sta. 1764 
Deepening Sta. 1646 - Sta. 1764 
Cutoff Sta. 1764 - Sta. 1889 
Deepening Sta. 1889 - Sta. 2096 


15, 165 
7,000 
36, 000 
8, 725 
16, 329 
4,331 


SUMMIT POOL EXTENSION 


9, 326 


12,090 | 


1,79 
110,762 


110, 762 


35, 400 


19, 880 
10, 725 


176, 767 


110, 762 


29, 140 
11, 660 


111, 340 


11, 006 | 


5, 377 


110, 762 


35,400 | 


7,720 
2, 221 
62, 600 


| 
| 


| 


| 
| 
| 
| 
| 


5,377 | 


TOTAL rm 105,759 | 18,482 | 82,992 | 16,847 | 224,080 


* Empire Cutoff Stationing 
** Items common to Basic Plan 
and both alternatives 
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PLAN III - 3-LIFTS-EXCAVATION QUANTITY DISTRIBUTION 
(in thousands of cubic yards) 


Atlantic Entrance 

Cristobal Harbor 

Cristobal Anchorage 

Gatun Locks 

Bypass Approach Channel 
Pedro Miguel Bypass Channel 
Miraflores Lake 

Miraflores Locks 

Pacific Entrance 

Balboa Harbor 


TOTAL "A'"'** 


BASIC PLAN 


Total "A" . 13,118 ° ® 107,524 
Gatun Lake 
Deepening Sta. 770 to Sta. 1646 . _ 2,470 
Gaillard Cut 
Widening Sta. 1666 to Sta. 1889 
Deepening Sta. 1646 to Sta. 2096 


TOTAL 


35,400 


19, 880 
10,725 


EMPIRE CUTOFF 


Total "A" : 5 . 4 107,524 
Gatun Lake 

Sta. 770 to Sta. 1450 (Juan Grande P.I.) 
Sta. 1450 to Sta. 129* 


Gaillard Cut 

Sta. 129* to Sta. 343* 

Sta. 1826 to Sta. 1889 

Deepening Sta. 1889 to Sta. 2096 


29, 140 
11, 660 


111, 340 
11,006 
5,377 


LA PITA CUTOFF 


Total "A" ; ’ 107, 524 


Gatun Lake 

Deepening Sta. 770 to Sta. 1646 
Gaillard Cut 

Widening Sta. 1666 to Sta. 1764 
Deepening Sta. 1646 to Sta. 1764 
Cutoff, Sia. 1764 to Sta. 1889 
Deepening Sta. 1889 to Sta. 2096 


35,400 


7,720 
2,221 
62, 600 





* Empire Cutoff Santenibg. 
** Items common to Basic Plan 
and both alternatives 
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PLAN IZ 


60+00 to 0+00 
: Dredging 0+00 to 370+00 


| Hydraulic Oredging |_| 252 +50 to 1371 +50 | 
1885+00 to 1980+00 
2035+00 to 2540+00 
1077450 to 1252+50 
1510400 to 1592400 
1726400 to 1885+00 


Unclassified Excavation 370 ' 
Below Elev. +55 & +00 to 1252450 
Unclossified Excavation 1371450 to 1510+00 
Below Elev.+ 55 1592400 te 1726+00 
370+00 to 1077+50 
1371450 to 1510+00 
1592400 to 1726+00 
Unclessified Excavation 1077450 to 1252+00 
Below Elev. +55 1510400 to 1592+00 
‘ , 1726400 te 1885+00 
Unclassified Excavation 460400 te 1077450 
Below Elev. +55 & 1252450 to 1371+ 50 


1 Tidel Regulating Structures 

Nevigoble Pass 

Tidal Locks ! 
Weter Control Structures 
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# Contract E-2 Unclassified deep excavation below ei 55 
within confines of Gatun Loke isiands 


* Contract E-6 Unclossified deep excavotion in Gatun Loke 
and Gaomboo Reoch exclusive of excavation 
removed under Controcts E-2, H-2, H-3 
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Fig. 37 





140 






QUANTITIES (CHANNEL EXCAVATION ONLY) 
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AMERICAN LABOR 
LOCAL LABOR 
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FIGURE 36. 
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Cost estimates covering the various alternatives (two versus the 
three-lift locks, the La Pita and Empire Cutoffs, and the tidal locks) 
are shown as separate totals in the summary tabulations. Following 
the summaries are a series of tabulations wherein a further breakdown 
is made of the major summary items. 

2. Unit prices 

Unit and lump-sum prices as shown in the cost estimate extensions 
were developed by various means as explained in the preceding section 
VIII. In view of the very extensive nature of the data on which these 
prices were based no attempt has been made in this report to sub- 
stantiate the many derivations or assumptions involved. However, 
the voluminous data and computations in support of the unit costs 
applied have been assembled and have been made available to the 
company. 

The unit prices applied include allowances for contingencies and 
contractors’ profits. However, it should be noted that direct com- 
parisons between the 1947 and 1959 prices are not valid without due 
consideration of the different bases on which they were developed, as 
discussed in subsection III—2c. This is in reference to the contractor's 
overall responsibility for the necessary supporting services and 
facilities, the cost of which is included in the 1959 prices. 


3. Sources of basic data 


Other than inspection visits to the canal, no additional field surveys 
or subsurface exploratory work was performed by this firm in con- 
nection with the present investigation. Such surveys as were re- 
quired and geological information, to the extent available from prio 
studies, was furnished by the company. 

(a) Lock-canal data.—Outline drawings for the lock structures as 
supplied by the company were further developed by PBH&M in 
sufficient detail for estimating purposes and the quantities involved 
computed. Quantities in connection with clearing, relocations, 
harbor improvements, and operating facilities were either supplied 
by the company or taken, where applicable, from the 1947 study. 
Similarly, most of the channel excavation quantities were available 
from the 1947 study, or were supplied by the company, including the 
alternative La Pita and Empire Cutoff alinements. Quantity data 
were also available covering dredging in the harbors of Cristobal and 
Balboa, in the Atlantic and Pacific entrance channels, and the 
anchorage area adjacent to Cristobal Harbor. 

(b) Sea-level canal data.—In the sea-level conversion plan, changes 
in the 1947 alinement necessitated recalculations not only the re- 
located sections themselves but in the adjoining reaches as well. 
This resulted from the fact that the 1947 quantities were summarized 
between contract limits as then proposed which, in general, do not 
conform with the limits of the relocated sections. Processing of the 
basic excavation data was done by conventional methods and checked 
by electronic computer. 
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TaBLeE A. Lock CanaL, Puan II 


Construction cost summary (based on 1959 prices) 
Item and description 
Clearing 
Relocations - - - 
. Channel excavation _ __ Dr ae desig 
. Harbor improvements _ --___-__- 
. Lock structures__- --- 
. Emergency dams 
; Impounding dams___ 


w 
| 


. Highw ays and bridges stele 
. Vehicular tunnel ; 

. Operating facilities __- 

. Townsites 


. Utilities____- 
. Medical facilities. 
Total, basic plan IT- j 
Engineering design and supe rv vision, exploratory 
tion of materials at 8 percent 


Or WONW Re OOON OO Ne 


et et et et 


Plan II. With Empire Cutoff 
Engineering design and supervision, exploratory 


work, 
tion of materials at 8 percent 


Total 
Plan II. With La Pita Cutoff 


Engineering design and supervision, , exploratory 
tion of materials at 8 percent___- i 


ALTERNATIVE PLANS 
With Empire Cutoff: 
Total, basic plan IT (table A) 


+ otal, additional... .1- . = . 
Total 


With La Pita Cutoff: 
Total, basic plan II (table A) 


Kdcetional Feloestion@s .a:exs wuss co dwwsln ww deilceaci vl 
Additional channel excavations____.._-.-_____-_-__-------- 


Total, additional 


1 Included in unit prices. 


57677- 


werk, and inspec- 


389 


Total cost 
$840, 000 
1, 810, 000 
197, 770, 000 
3, 300, 000 
455, 910, 000 
Omitted 
Omitted 

1) 


j 
7, 650, 000 


Omitted 
11, 500, 000 


(*) 


_ 678, 780, 000 
, and inspec- 


5, 300, 000 


733, 080, 000 


ies ” 857, 956, 000 
and inspec- 


68, 6: 34, 000 


760, 244, 000 


60, 816, ( G00 


678, 


780, 000 
775. 000 
178, 401, 000 


179, 17 ‘6, 000 


857, 956, 000 


678, 


780, 000 


228, 000 
81, 236, 000 


8 1, 464, 000 


760, 244, 000 
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Construction costs 





Quantity Unit cost 


cai nmendinnslenhamnmeeuseitents ve $240. 00 

Item 2. Relocations: 

Railroad (light grading).................... 12, 650 | Linear foot...... 67. 20 

yA, Ns ONUEE BIOS... nonnccavedcsacclecsosconvoce 
New railroad station (Gatun)--.............]............| Lump sum......]............ 
EMRE REUINS RODNID . ochntnbpigidchscsondscesdlpebdeconcighadwatsalaaiiteimeiingiein 
















Items 3 and 4. Channel excavation: 














Excavation, unclassified_...................| 56, 596,000 | Cubic yard--.-- 112, 315, 000 
Dredging, unclassified__........ 89, 855, 000 |....- BB civkdsink 85, 452, 000 
peihiitninineakudinbentendauchibbnhniteekeebebealnnndinbigienebeeeaenadmid al 197, 767, 000 

TRA skwiseecebieint ae heteeLnaeheeeeeeaaoeneneenslotoe capes venatatnetseaavetiioen 197, 770, 000 


Item 5. Harbor 





improvements: Emergency 


eh BERRI Te eset: eine: 2 |” aekeminchen Bekae item 
Item 6. Lock structures, summary: om 
i NEG BIO a cine wccctdcssdanislsdbcossocenawidescesedsbsenbblscesaaiend ; 
Ue UU UU id kl cacti eetiinei hee oman bene taciseeiimaidinna 5 
ap ens WONeNNNG .a0 cet SL asec nobesecb ubatccosncbtucesdel léodneendenne 







(a) Gatun east locks: 
Excavation, unclassified............ 
Excavation in plugs..........-.-... 
7 EEE Eee eS ee 
Concrete, complete.................| 1,847,000 |..... 
Reinforced steel, in place_.......... 
Mechanical and electrical..........|....-......- L 

DNs histidine cckithncwcecanktaausaeosamnaaaae d 












Cubic yard--... 
pene ie eh oniyee 


(6) Pedro Miguel west locks: 





































Excavation, unclassified............| 4,494,000 | Cubic yard--_.-.. 23, 144, 100 
Excavation in plugs..............-.| 547,000 }.....d0.......... 4, 988, 640 
Se a Se 1, 625, 950 
Concrete, complete.................} 1,004,000 |.....do._........ 49, 366, 680 
Reinforced steel, in place........... 4, 867, 969 

Cellular cofferdams, constructed 
ORG TOMO VE.. 6. nccdcccccossscce]  T90:} Idneae hoot... 2, 090, 880 
on ous pgndapiiuaninwnsinndl adh olvheeatandee 27, 635, 000 
i, i cbaecestanahs tueadtbylcelcch le aes LSeide. Hse babobie 6, 891, 333 
bd ca caine ce cutee ack tepaca tee ee ks Cae eeee eC ne 120, 610, 552 

(c) Miraflores west locks: 

Excavation, unclassified............ 15, 321, 250 
Excavation in plugs 12, 612, 960 
ac Dihcanhakeoeil 1, 185, 750 
Concrete, complete................. 60, 823, 290 
Reinforcing steel, in place_......... 6, 011, 056 
Mechanical] and electrical. .........|--..-.....-. Li 39, 088, 000 
PI isin cdemninriniiininmtestaginl apubeiaialeal tiie di 6, 891, 333 
Di idtine didusioseaieiamanmianie hone dediadnalibiebiicin eines dathiog bab ttinnkiawe ssh.) wend ORR 


Item 7. Emergency dams: These emergency dams, estimated in 1947 to cost $77,436,000 (app. 18, p. 214), 
apparently were to be installed in the channel as additional protection for Gatun Lake. They are no 
longer a requirement for this plan. . 

Item 8. Impounding dams: This item included modifications at Gatun spillway and ne of the 
saddle dams around Gatun Lake to provide bomb protection, and/or to provide for raising Gatun Lake to 
elevation 92. The item is no longer a requirement for this plan. 

Item 9. Power: Power for construction is provided for in the unit prices. Conversion to 60 cycles is pro- 
vided for under other appropriations. No other power is required under this plan. 

Item 10. Highways and bridges: 

Highway (2-lane concrete)..............--.. Os eb id id $332, 000 
Access road 14 






Item 11. Vehicular tunnel at Corozal: This item is not included. It will not be a requirement 
plan, as a bridge has been constructed at Balboa Harbor. 


! The cost of these items, as required for construction personnel, has been included in the unit prices. 


Holssss S| 


HG@Oe toe 


noe 
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Construction costs—Continued 


ALTERNATIVE PLANS 


WITH EMPIRE CUTOFF 
Item 2. Relocations: Additional road relocation_ 
Items 3 and 4. Channel excavation: 
Excavation, unclassified 
Dredging, unclassified 
Channel excavation, basic plan IT 
Additional channel excavation 
WITH LA PITA CUTOFF 
{tem 2. Relocations: Additional road relocation- 
Items 3 and 4. Channel excavation: 
Excavation, unclassified 
Dredging, unclassified 
Channel excavation, basic plan IT 
Additional channel excavation 


Quantity 


3.1 


Unit 


Unit cost Total cost 


$775, 000 


291, 965, 000 
84, 203, 000 


376, 168, 000 
— 197, 767, 000 


228, 000 


2. 112 195, 858, 000 
: 83, 145, 000 


—197, 767, 000 
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Construction costs 


Ttem 1. Clearing 
Relocations: 
Communications cable 
Panama Railroad: 
Fort Clayton to Pedro Miguel 
Cerro Luisa_-.-_.--- sibnie baci Likes’ 
Gatun railroad station 


Highways: 
Chiva-Chiva Trail 
Bruja Road 
BOUVET SHO ncn cn cen nsk ee 
Borinquen Highway. .---_-- sah bdiacco 
Gaillard Highway: 
Cerro Luisa 


Townsites: 
Pedro Miguel, Red Tank (salvage 


equals cost of removal) and Cocoli-|............|-.------------.--- 


Chiva-Chiva Village_-..........-..- i 
Paraiso Theater 
Paraiso clubhouse and buildings 


Municipal engineer’s office_........}......--- bce hiceaaeeaengaGlel 


Water supply: 
30-inch main 
12-inch main 


(h) Docks and piers: 
Mindi dock and railroad access--._-- 
Dredging diversion dock and Paraiso 
landing 
Aids to navigation, Pedro Miguel 
Dredging diversion dock, Diablo 


Fa ibse-s:tniassindnskiarn caeseeesMe tated, ang Al 
DAM deneetamtbeeistncutety ke man k—§ ; 


Items 3 and 4. Channel excavation: 
Excavation, unclassified 
Dredging, unclassified 


Item 5. Harbor improvements: 
Removal of existing facilities. -....-- 
Relocation, dock 4 
Relocation, dock 6 
Emergency tieup stations 





Quantity 


12, 330 


13, 000 
13, 000 
23 





Total cost 


$840, 000 


111, 000 


Linear foot 
ey ae 


1, 498, 000 
243, 000 
210, 000 


1, 951, 000 





2, 000 
18, 500 


1, 544, 500 


Linear foot 

ara 

Million gallons 
per day. 

Lump sum.._-__- 


773, 500 
244, 400 
6, 440, 000 
23, 200 


7, 481, 100 





Lump sum..-_-..- 591, 000 


GBiiciscsante 115, 500 


ie 
Not included... 





822, 000 
17, 472, 600 
17, 470, 000 


110, 709, 000 
93, 296, 000 


204, 005, 000 
204, 010, 000 


2, 460, 000 
2, 740, 000 
4, 450, 000 
3, 300, 000 


12, 950, 000 


00 candindshtnenwensailede « 
| 1,100,000 
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Contsruction costs—Continued 





2 lifts 3 lifts 





Item 6. Lock structures, summary: 


ee See Cy Ne ilacrnceccecndocsnccasesonons $240, 733, 633 $252, 141, 415 
(6) Miraflores, additional upper chambers.................-.......-- 172, 617, 598 164, 617, 050 
rn UND, SENN DONNIE nd snk aucindaacbenmanannbaseontauaeoseal 229, 093, 792 239, 013, 000 


(d) Removal of Pedro Miguel locks and bypass channel. -.-.......... 26, 396, 420 26, 396, 420 

















pngeeessces}s aces eee addenddsessqancasouemieseal 668, 841, 443 
Lcicentenintns pecan pba eSedua ccibimldiaminniiaha nena aulenmbasibed 668, 840, 000 


682, 167, 885 
682, 170, 000 











Quantity Unit cost | Total cost 






Item 6. Breakdown: 
(a) Gatun east locks, 2 lifts: 
























Excavation, unclassified...........- 7, 539, 000 > yard_.... $4. 67 $35, 207, 130 
Excavation in plugs. ...........-.-- 1, 186, 000 |..... iaiaskeol 9. 12 10, 816, 320 
Oi édanncsesnvdondcensvbbapwe 1, 167,000 |_...- Massel at 1. 55 1, 808, 850 
Concrete, complete._.............-- 1, 980, 000 |___-- i cit onset 49. 18 97, 376, 400 
Reinforcing steel, in place.........- | 288,090 | Hundredweight. 31. 03 8, 939, 433 
Mechanical and electrical __......-- thik pecans bail SR nninatncinneiuntal 67, 573, 000 


Miscellaneous 






(a) Gatun east locks, 3 lifts: 


Excavation, unclassified...........- 4, 955,000 | Cubic yard....-- 4. 67 23, 139, 850 
Excavation in plugs.............--- 1, 214, 000 |... i anseepend 9.12 11, 071, 680 
ads ntetisintheknaneesaennnhkun 1,751, G00 |..... _ Wb QO est 1. 55 2, 714, 050 
Concrete, complete... ............-- 2, 281, 000 |..... 49.18 112, 179, 580 
Reinforcing steel, in place.........- 370, 150 fiundvedweight. 31. 03 11, 485, 755 
Mechanical and electrical _ .........|............ LAND GUBR. .nanchoweneentsuis 77, 619, 000 
PI i cccccncninignnaseck ane cascsceuclsnend d 13, 931, 500 











Ldnenecnuse Gnu ehsiieebbabdlte ag he onuspunlenacdsoseggenesesceedivicnavent 252, 141, 415 






(6) Miraflores, additional upper chambers, 
2 lifts: 

















OMFG ONS. ccc c0s conse iUiibi nar inear foot...... 3 22, 086, 400 Ite 
Removal of concrete_............--- 398, 000 | Cubie yard _-_.-- 5. 82 2, 316, 360 
Machinery (salvage value equals | 2,383,000 |_.... PA Abtindabane 3. 88 9, 246, 040 
cost of removal). 
Excavation: 
Dredged common. --.-........-.. 2, 383, 000 |...-. MeAtal yes 3.88 9, 246, 040 
Dry common and soft rock. ---- 1, 122, 000 j_.... O0i. sieccu 3. 96 4, 443, 120 
Backfill, including rolled and rock..| 5,741,000 |-..-- ea 1.32 7, 578, 120 
Sheet pile cutoff..........-......... 42, 120 Hundredweight_ 28. 42 1, 197, 050 Ite 
Me sacnusccseuvcabiwstAtelactos 82, 000 —— yard __... 1.31 107, 420 Ite 
ee cc cecencmiumcecoaaee 1, 470, 000 |_.--- i aiaeacene ccs 41. 84 61, 504, 800 
PORN GOOG sok occacdsccntadice 20, 342,000 | Pounds.-.-.-..... . 264 5, 370, 288 
I apr ee i on Seen 15, 400 | Linear foot__-.-- 75. 00 1, 155, 000 
Emergency dams, mechanical, elec- }|..........-- RID OI on0s hows sce tied 57, 613, 000 
trical and structural. 
(6) ig additional upper chambers, 
ts: 
ed odo cnkanmaaba 2,800 | Linear foot.....- -00 , 954, 800 
Removal of concrete...............- 398,000 | Cubic yard__.-- 5.78 2, 300, 440 
Machinery (salvage value equals 
cost of removal): It 
Excavation: 
Dredged common.............. 1,317,000 |..... Ee 3. 86 5, 083, 620 It 
Dry common and soft rock.-._- 1, 122, 000 |..... MO sctipisisc Se 3.93 4, 409, 460 
Backfill, including rolled and rock..| 3,938,000 |_..-. ee aan 1.31 5, 158, 780 
Beet WRG BNE. cccccnccccascenbee 14,580 | Hundredweight- 28. 16 410, 570 
ae 38,000 | Cubic yard_-_.-- 1.31 49, 780 
ea eeu 1, 470, 000 |_.--. i pgiacessa 41. 60 61, 152, 000 
Reinforcing steel _ ................-. 20, 342,000 | Pounds...-..... . 262 5, 329, 600 It 
Ns eat neha amu 15,400 | Linear foot._...- 75. 00 1, 155, 000 
Emergency dams, mechanical, elec- |............ I iccnitontiakencnas 57, 613, 000 


trical and structural. 








---| 164,617,050 





ee ee ee ee ee 


) 
) 
) 
) 
> 
) 
) 
> 


NS SS a a 
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Construction costs—Continued 


Quantity Unit Unit cost | Total cost 


(c) Miraflores, new locks, 2 lifts: 
Excavation, unclassified. 
Excavation in plugs 
Backfill 


Rn 
| — 
Bankpok 


S RRSESRR 
ZB S85ste2 


XS 


a 
oe 


2 
ig 


(c) Miraflores, new locks, 3 lifts: 
Excavation, unclassified 
Excavation in plugs 
Concrete, complete . do 
Reinforced steel, in place ‘ Hundredweight. 
R Cubic yard 
Linear foot 


BSepe8e> |B 
BAREES 
& 3222825 


& BS 


Miscellaneous 
Barrier dams: 


# §#» 
BB 
5 


(d) Removal of Pedro Miguel locks and by- 
pass channel, 2 lifts or 3 lifts: 
Excavation, unclassified 
Dredging 
Excavation in plugs 
Demolish underwater concrete 


(a) Gatun spillway: This item has been used in the 1947 ICS plan IT to provide, in the ultimate phase 
* - plan, for raising Gatun Lake to elevation 92. The 1959 study does not consider this change 

ake level. 

(6) Pacific abutment dams: This item, in the 1947 ICS plan, appears to fit the ultimate phase of 1947 
plan II, which the 1959 study does not consider. Barrier dams, which are required because of 
raising Miraflores Lake to eluvation 87, are included under item 6, section C, estimates, since the 
quantities vary slightly, depending on whether 2-lift or 3-lift locks are constructed. 

Item 8. Power: The cost of power for construction is provided for in the unit prices. 
Item 9. Highways and bridges: 
(a) 2-lift scheme: 
Highway (2-lane concrete) 
Access roads 


(6) 3-lift scheme: 
Highway (2-lane concrete) 


plan, as a bridge has been constructed at Balboa Harbor, 
Item 11. Operating facilities: 

Aids to navigation 

Ship salvage facilities 


Use 19, 740, 000 
Item 12, Pumping plant and water supply replacements: This item appears in the 1947 ICS plan II cost 
schedule and is necessitated by the plans for 2 new large locks. As natural runoff would not have been 
sufficient to supply water for the operation of these locks, pumping of saline water would have been 
necessary, along with new sources of water supply. The operation of only 1 new lock, in addition to 
the existing locks, will not overtax the present potential supply, therefore this item is not included in 
the 1959 long-range studies. 
Item 13. Raising Gatun Lake to elevation 92: The 1959 long-range study does not consider any change in 
the level of Gatun Lake. 
Item 14, townsites; item 15, utilities; item 16, medical facilities: The cost of these items, as required for con- 
wee personnel, has been included in the unit prices. No additional facilities are proposed at this 
me. 
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Construction costs—Continued 
ALTERNATIVE PLANS 


With Empire Cvtorr 
(for 2 lifts or 3 lifts) 





Quantity Unit cost | Total cost 


Item 2. Relocations: Additional rad reloca- SS ES bc ccalenaee $775, 000 





tion. 
Items 3 and 4. Channel excavation: 
Excavation, unclassified...................- 162, 542,000 | Cubic yard.....-. 1.979 321, 671, 000 
Dredging, unclassified... .................... 94, 361,000 |___-. tanectswire . 966 91, 153, 000 





a a a hee Eee se cecis mancnianiiia ad shicn cuenta nteiaiih ies a netateeaaiaiatadaiah ticle toenail enandimnensineee dae 412, 824, 000 
Channel excavation, basic plan I 













A SII aca ictinnddcd thas enneccdsblascnkccunmepetoddineanenvanien 208, 819, 000 


Wits La Pita CurTorr 
(2 lifts or 3 lifts) 






Item 2. Relocations: Additional road reloca- 


Se tidttonabiccc cccaehihsss os. asses cee CO) Miss ncssexene $350, 000 $228, 000 
Items 3 and 4. Channel excavation: 

Excavation, unclassified_.................-- 102, 447,000 | Cubic yard_-....- 2. 067 211, 758, 000 

Dredging, unclassified._..............---.-- 99, 251,000 |..--- eet . 940 93, 296, 000 






\, ae Peer a I Se ee fel 305, 054, 000 
Channel excavation, basic plan I 




















Additions Ghana enervetiees. ...... on desh eich. eo eh ticwends 101, 049, 000 


TaBLe C. Sea Levet CANat—Puian IV 


Construction cost summary (based on 1959 prices) 





Item and description Total cost 

Ee. eID sn. ccm emaaitentanatndn<am ned ee nee end $3, 770, 000 

@: telematics Joos sodas SEE SUL la Us wale d usb sue 35, 250, 000 

De ee ee eee ee eee ee ee ee nee 1, 895, 860, 000 

DS. CON VERN MR. hass ato 16 Seldon siot cuia-xkaio canals vw 3, 430, 000 

6. Harbara and Sactithes oi: oi oo faltueuL estes Eo See 34, 030, 000 

For INI £5 cd ea rie ciea ares es OR clan cS ieee ome 136, 970, 000 

8. Tidal regulating structures. (See below.) 

Per Ey WURCOTOR SDD PE no  atetagemenregmnrw owengleta 44, 000, 000 
Po eAredgeetiek Ss Ne baa ase eee nals eee = 34, 030, 000 
cS RR ak rr (1) 
ie pera reemees ess Soe. 26, 200, 000 
Te I: ih he 3 ore eae Lous aw ceiaeneeer ae abel (?) 

TE nn eg aah (?) 
BD.GDOISE, TACO. 8. SUS UIUEL Siw onranaenne stom ee Ee U8 (?) 







A OLMA IR: EVE ba: Bice si- — babuieksl Gate east add hore een 2, 213, 540, 000 
Engineering design and supervision, exploratory work, and in- 
spection of materials, at 7 percent..........-..------------ 154, 950, 000 


Bett chose eco anak es CMa itis wate ao oe aae 2, 368, 490, 000 
Plan IV with tidal regulating structures: 









Tbe MAN 2 Vso cacccan eosin d Seas ne whee Maw iue dan 2, 213, 540, 000 
Item 8, tidal regulating structures_-._...-...-..--------- 157, 480, 000 
ORO 6 suri aids oerecsls «elegelelideiee 40 ious cabeere-joudi wa 2, 371, 020, 000 

Engineering design and supervision, exploratory work, and in- 
Seoube Gr Haters, ge t percene..--.-. ~~ oso e eee ans 165, 980, 000 
Wwteboceosl wowilile ob. 200d sw SL boulanl Sew ad se 2, 537, 000, 000 


1 Omitted. 
2 Included in unit prices. 


Ite 
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Construction costs 


Quantity Unit cost Total cost 


Item 1. Clearing: 
Channel (heavy) 
Channel (medium) 
Channel (light) 
Spoil areas (heavy) 
Spoil areas (medium) 
Spoil areas (light) 


sw seEBSBESE 
SSSsssssssssssss 


ee 


Power plants 
Water supply 
Transmission lines 


_ 


332 


re 


sESESSSEESeugees 
| S88s8ssssssssssss 


3 


Sy 


Item 2. Relocations: 
Naval Radio Station, summit 


: 


Communications: 

Canal telephone, 4 duct 

100 _ rans-Isthmian telephone 
cable. 

202 pair Army telephone cable 

7 conductor telephone cable 

4 conductor submarine cable and 
buried cable. 


- 
o 
= 


2% = 


s 
s sss gg |8 |88 


Total, communications 


Dredging diversion dock, Balboa Heights 
— along Chagres diversion chan- 
nel. 
aa to Chagres diver- 
sion, 
Transmission lines along railroad 
Miscellaneous, access roads 
Trans-Isthmian pipeline: 
Install pipe and cable, all sizes... - 
Salvage pipe, all sizes 
Excavation Cubic yard 
Install salvaged pipe (buried) Linear foot 
Install salvaged pipe (above ground) - 
Install new pipe, all sizes 
Cathodic protection 


8 


SSiwoB ss 
SSeexs Ss 


Total, pipeline 


35, 252, 


Items 3 and 4, excavation: 
Excavation, unclassified , 941, Cubic yard 
Dredging, unclassified 


Item 5. Conversion plugs: 
Atlantic: 


ERO BOSE ai oo ccc eancccceae a 
I siirn, - Gassinidicteliniet ouilitiinial 


Tunnels 
Line drilling and blasting 


Total, Atlantic 


Pacific, Pedro Miguel: 
Excavation: 
Main section 
Abutment 
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Construction costs—Continued 


Unit Unit cost Total cost 


Pacific, Miraflores: 
Hydraulic dredging Cubic yard 
Rolled fill do 


&6| S| Beye 
33|§| 8883 


gogo |} po] 


Item 6. Harbors and facilities: 
Pacific Termina] Harbor: 
Dredging: 


Total, Pacific terminal 


Moorings, buoy type 
Remove exist facilities: 
East ferry slip 

Dock 4 


Dock 7 (part) 
Coal-handling equipment 


Relocation, fuel station, dock 4: 
Reinforced concrete pier. 
Railroad track (on deck) 
12-inch pipeline 
10-inch pipeline 


Fueling wharf, dock 6: 

inforced concrete pier 

Railroad track (on deck) 

18-inch pipeline 

12-inch pipeline 

10-inch pipeline 

8-inch pipeline 

Electrical system 


Emergency tie-up stations: 
Precast concrete piles 
Concrete deck 
Concrete tremie 
Reinforcing steel 


“3 
. 
33 


eS 


ES|B|5RERE2 S255 


Square feet 

Linear feet 

Thousand (feet) 
board meas- 


Drilling holes, 30-inch 

Rock excavation Cubic yard--_... 
Steel piles Pounds 

Steel springs 365, d 

Log fenders 

Boll 


» 


S881888883 8288SS8 
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Construction costs—Continted 


Item 7. Flood control: 
ee 
7(a) Trinidad spillway. 
7(b) Flood control dams (west side) 
4 Monte Lirio Dam 


BRS 


d) Monte Lirio diversion channel 
7(e) Cafio 1, sg shag diversion channel._.........-|....-....... quiet tenets detncx 


Gam 
Chagres diversion 
) Minor tributaries, miscellaneous 
a Drop structures and drainage ditches. 
7(j) Gamboa Dam and Reservoir, damage payments and relocations 
7(k) Modifications, Madden Dam conduits 


Total, item 7 
Use 


BeBoorR 
S25 


HSSUSI1SSSS 
5} 


3 
= 
$ 


53|2ac88 
$8| 888S8SSEES5 


BB | -no8 


7(@) Trinidad spillway: 
Excavation: 


8 


SSB BB 


Total, excavation 


lSl1SSSSS SISSIES 


Channel protection: 
Rock blanket 
Gravel blanket 
Slope dressing 


Total, channel protection 
Weir and control works: 


00 
00 
00 
00 
00 
00 
00 
00 


Be 


eps 
82288888 


Bridge piers 
Reinforcing steel 
Guard rail 
Gates and hoists 


= 
= 


Total, weir and control 
works. 


1S1SSSSsss 
r) 
8/8 
s 


Total item 7(a) 


7(b) Flood control dams; west side: 
Fill, elevation 75 to 82 


Dressing slope and top 
Total, item 7(6) 
7(c) Monte Lirio Dam: 
East side: 
a machinery 
To elevation 75 
Elevation 75 to 92 
Rock facing 
Total, east side 
West side: 
Fill: 
Elevation 65 to 75 


Elevation 75 to 92 
Dressing slope 


ISslSlssssss Ssssses 
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Construction costs—Continued 





Unit Unit cost Total cost 




























Item 7. Flood contro]—Continued 

7(d) Monte Lirio Diversion Channel: 
Channel: 

Dry excavation: 


Wet excavation, common.... 


Total, channel 


Weir: 


Bridge. - .- 


Total, weir 






Bridges: 
Boyd-Roosevelt Highway... 
France Field Road....--...- 


Total, bridges 


Gates and machinery............|-..-.--.---- 


Total, item 7(d) 


7(e) Cafio Quebrado diversion channel: 
Hydraulic dredging. -.........-.. 
Dipper dredging ---......-..-.-..- 


Total, item 7(e) 


7(f) Gamboa Dam: 
Sheet piling: 

Permanent, upstream ------- 

Temporary, downstream -..- 






Total, sheet piling.........|..---- 






Unwatering: 
24-inch casings_.........-...- 
Bc awnnicwoceetlitinilling 


Total, unwatering 







Spillway: 







Excavation: 
Is ainaniminanainiahd 1,017,000 | Cubic yard_...-- ua 793, 000 
Enonidieiey nannies S665, G00 f.. ...00.....--.... 1. 64 4, 338, 000 







Zadbissie ela eadesWids Lidcescesessobionl fe JiulLU ail 5, 131, 000 








Grouting: 






Se i cchvcitsicnligheueiolahe 2,000 | Linear feet__-.--- 5. 75 12, 000 
NR anicnncccccsnmennnan 20,000 | Cubic feet.....-- 4.35 87, 000 












Petal, GTRRTING conc nccuwsbinndscsg chp cbbasebbiicn. bee is 99, 000 
Concrete, weir. .....-2.-----.-- 111,000 | Cubic yard... 37. 40 4, 151, 000 
Clearing, reservoir.............-- SS eee 40. 00 2, 142, 000 







Diversion and outlet works: 
Excavation: 





i a debchts Social 62,196 | Cubic yard....-- . 782 49, 000 
262, 750 |_.... Basenactt ss J 1. 63 428, 000 






CUE WO iiectccntnldctaenienen<s 


Total, diversion and | 
feannneesnrecnppeclasemmseptllwe 
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Construction costs—Continued 


Quantity Unit | Unit cost 


Item 7. Flood control—Continued 
7(f) Gamboa Dam—Continued 
Tunnel: 

Tunnel concrete . ; $1, 600, 000 
Miscellaneous concrete 5 d \ 653, 
Gatehouse, concrete os aieadaiasen 6 262, 000 
Control house Cubic feet... _-- ; 407, 000 
Gates and hoist Lump sum... 867, 000 
Concrete tunnel liner... ---- Cubic yard . 1, 981, 000 


Hel eee 


Potel, tanned... .....0:5-- 5, 770, 000 
Embankment: 

Foundation, dredging . 5 265, 000 

Rock borrow d ; 1, 024, 000 
534, 000 
Impervious fill ‘ 39, 000 
Spreading and rolling , 353, F 244, 000 
Placing rock ‘ 237, 000 





nel eeee 


Total, embankment 


Total, item 7(f) | 22, 456, 000 
7(g) Chagres diversion: 
hannel: 
Excavation: 
Medium rock . -¢ 14, 187, 000 
Common d ‘ 6, 498, 000 


Hor tiouoeli ev 


20, 685, 000 
Tunnel: 


Excavation, hard 5, 10 | 3,358,000 
Concrete liner : d 51. 5, 632, 000 
189, 000 


Hel ee 


Total, tunnel 9, 179, 000 
Spillway weir-station 360: 
Concrete y Cubic yard 37. | 470, 000 
Foundation preparation Lump sum 58, 000 
Gates and machinery d 75, 000 





0 
0 
0 


Total, spillway weir | 603, 000 
Spillway weir-station 680: 
Concrete * Cubic yard .f 335, 000 
Foundation preparation Lump sum_._----| 38, 000 
Gates and machinery di 76, 000 


Hot Oe ee 


Total, spillway weir . 449, 000 
Barrier dams: 
No. 1 north of Camboa_--__-- 58, . 133 36, 000 
No. 2 upstream of railroad 5 di ‘ 669, 000 
embankment. | 

No. 3 Aojeta Bay. ; 77, 000 


uot owe 


OGRE, WHNRTET GADEE.. «0 cn dclecescccuvcdn 


Total, item 7(g) 
7 Minor tributaries. .__....__-. aaa 28, 000, 000 
7(i) Dropstructuresand drainage ditches: 
Rio Cocoli 57, 000 
Rio Mag | . 76, 000 
Tributary to Rio Magellan 65, 000 
Rio Grande 129, 000 
Stream near Empire. 144, 000 
Do 122, 000 
Rio Mandinga 2 57, 000 
Tributary to Rio Mandinga. 110,,000 
Rio Caraba 76, 000 
Small-drop structures___.......- \ 138, 000 
Interceptor ditches and 10 drop 407, 000 
structures. 
Interceptor ditches drop struc- 17, 100. 00 1, 796, 000 
tures (canal berm). 








NOG tT Se i OP ee 








Total, item 7(i)_.....-------- L 1, 00h cisadedhehinnaietsisteniitaniesdeaeenteaetal | 3,17, 000 


| | ——— 
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Construction costs—Continued 


Quantity Unit Unit cost Total cost 


Item 7. Flood control—Continued 
7(f) Gamboa Dam and Reservoir: 
Damage payments and reloca- 
tions: 
Gamboa Spillway railroad 
and highway bridge, 2- 
lane hig mt and replace 
Gamboa Jail. 
Boyd-Roosevelt Rd.: 
Raise road: 
Rio Quebrancha 
Rio ———_ 


130-foot span 
160-foot span 


Total, Boyd- 
Roosevelt Rd. 


Bridge, 160-foot span 
Transmission line 


Damage payments, Republic of 
Panama: 


Undeveloped land . , 
Cemeteries 63, 000 


Total, Republic of Panama 2, 195, 000 
Total, item (j) 7, 975, 000 
7(k) eo Madden Dam con- 1, 045, 000 


Item 8. Tidal regulating structures: 
The cost of this item is estimated equal to that of the 1947 report. (See 1947 ICS-App. 18, p. 132) for 
the following reasons 
1. Tidal loek stability studies indicate wall sections proposed in the 1947 report are adequate.. 
2. Concrete quantities are only slightly reduced by the — from bottom filling to side filling. 
> Very little information is available as to the mechanical electrical features. 
. The cost of lock construction in plan IT and plan III has not changed appreciably from that pro- 
posed in the 1947 report. 
Item 9. Power supply systems: 
Summary: (The cost of construction power has been included in the unit costs): 
(a) Powerplants _- -- 
(6) Transmission lines 
(c) Transmission switching and substations 
(d) Distribution lines 
(e) Distribution switching and substations 


@) Powerplants: 
2 oom electric generating sta- 


Hydroelectric generating stations: 
Monte Lirio spillway 
Trinidad spillway 

Emergency standby generating 

Stations: 
Railroad 
Navigation aids 


Total, powerplants.........|........ quenisanececencecece Gn0lssunssescnenes 
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Construction costs—Continued 


Quantity Unit Unit cost 


Item 9. Power supply systems—Continued 
(b) Transmission lines: 
4/0 conductors, 115 kilovolts: 
Double circuit, steel tower _ -. 
Single circuit, steel tower 
Single circuit, on existing 
railroad transmission tow- 


ers. 

Reinsulation of Madden Dam 
line for 115 kilovolts. 

Additional cost over standard 
construction of line over canal 
at 6 stations. 

Relocate Madden Dam line and 
switching station at Summit. 
— buried cable near air- 

eld. 


Total, transmission lines _ -_-- 


(c) Transmission switching and substa- 
tions: 

Sectionalizing switches: 

Oil-circuit breakers 

Airbreak switches 

Relay system 

Station-type lightning arresters___ 

Supervisory equipment for load 

ispatcher. 

Carrier current communication 
system operating over trans- 
mission system. 

Transformer station 


SIeeoer FF SSeCeoeeo 


hotieoooeo 


Total, transmission switching 
and substations. 


0 

0 (d) Distribution lines: 

0 Fiber 2 systems, concrete en- 

0 : 

- 52, 000. 00 
0 66, 500. 00 
a 76, 200. 00 
0 Feeders, 15-kilovolt class: 

= U nderground cable in duct, 

0 : 


8 


B22 

sss 

PYPp 
& 


BE OB 
828 885 


293 


Overhead powerlines, 15-kilo 
volt class: 
Single circuit 
Double circuit.........-. 
Submarine _ cable, 15-kilovolt | 
class: 400 MCM, 3/e 
Portable cable connecting skid- 
mounted oil circuit breakers to 
overhead circuits 


Total, distribution lines__...- 


(e) ee switching and substa- 
tions: 
Transformer substations: 
an supply, principal sta- 


8B 


g 288 888 #23 
sss 


8 88 


fool oeeooe 


“ef 


= 


Army and Navy 
Miscellaneous 
Breakers on primary feeders at 
distribution stepdown stations. 


Total, distribution switching 
and substation. 
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Construction costs—Continued 


























Quantity Unit Unit cost Total cost 
Item 10. Highways: 
New 4-lane concrete highway.......-...-- BRE § DRUG. nnecccccns $618, 000. 00 $8, 096, 000 
New 2-lane concrete highway-.-.-.-........- S68 tinted do_..........} 348,000.00 1, 914, 000 
New 2-lane concrete highway (parallel- TAS F.8d Cee iiinin vwaies 366, 000. 00 5, 051, 000 
ing Chagres Channel). 
Add new 2-lane concrete and improve ie tacael PP tictiip~ nthe 479, 000. 00 1, 054, 000 
existing highways. 
Add new ?lane concrete and improve 11 8 fw ded do...........] 522,000.00 6, 003, 000 
existing highways. 
PET FENN PE hekiinccdencntescceceses 30.3 1.4.8 eee 261, 000. 00 7. 908, 000 
Fi}l in existing locks and pave at Gatum._}_........._- AAR GI. . sxtdn cdannccbeenk 500, 000 
Ferry.....- che hipibbecons adh oe datsandamelles doiiiei-WBi> halt dive duck beenied 1, 500, 000 
Underpass and overpass......-.-- acs ornate 170,000 | Square feet... 8. 20 1, 394, 000 
TE SOUONE og... cewenweddbiensisdl le dacaccuoce TAP OU. iii A ssnidnadi inten 435, 000 
Es GRRE ITO OIOD. 6 dis dvi teres dibeclcodonasnnacdlanded Gb cciscns <eahdeien stein dali 174, 000 
ean SU Fi ost hbdidauntigeiesn ste bi entinintinninihnadhinenucbbacaieaie neni 34, 029, 000 
saaiaeieetiael sso oes idee aadnninminteitdinenind add cinnecmatheiemgmpatniaiaadmdneimeineiaan 34, 030, 000 
Item i “v ehicular tunnels: Corozal tunnel no longer required because of construction of highway bridge 
at Balboa. Gatun tunnel eliminated because of costs, and because ferry at this point will be acceptable. 
Item 12, Operating facilities: 
Summary: 
(a) Dredging division relocation. ____- | ee ee $7, 371, 000 
ee Te BD ik cic tid db be ccnncloodecesancecsesesannmeesed diel 7, 686, 000 
(c) Aids to navigation..............-- Bs dl <<deenensenekeencal seteeacane 11, 147, 000 
DORR xtrescececceccesdbtnd-ficccacs | cde eauainitiin scukad deed h casns bce 26, 204, 000 
| eee 
(a) Dredging division relocation: 
Dredge basin: 
Hydraulic dredging. ......... 1, 120,000 | Cubie yard_____- $0. 432 484, 000 
Bucket dredging.............] 2,240,000 |-.--.d0__..---- 1.71 3, 808, 000 
Get WR ng on dnnnstieterteveelld. donc okie Lump sum.---_--|_. -. ae 735, 000 
Concrete pavement. -..-...-.---- ade dlisted eknnss sxdthcecdionctnetien’ 292, 000 
cil i et te dal 15, 000 Square feet...... 90. 60 1, 359, 000 
Storehouse and shop spaces... -- 600, 000 | Cubic feet____--- efGel 432, 000 
I i nade coceecnsccneeh 100, 000 |...-- ae ere kone 111, 000 
Boathouse dock_.._...-.--- aod 3,000 | Square feet__.__. 23.40 | 70, 000 
hn car coneed 9,000 |_.--- » echt taee vi 4.00 36, 000 
Open storage--__---- pias oe BAR inte conan 7, 700. 00 23, 000 
Cyclone fencing ..............-.-- 1, 200 | Linear feet.__-__- 17. 60 21, 000 
EE OOO nc canstiicslon eet gilasdesentebaeauade cme tii il Sieenetl 7, 371, 000 
(b) Ship salvage facilities: | 
Salvage depot, storage: | 
Diving school_-_-___--- onusttlietl actcthn Gia mse Lump sum_.__--}_- LA07 eS 380, 000 
i EE eee Edel Tl iene aden tlh ade alee. 3 1, 080, 000 
Auxiliary floating salvage |__..._..____ cage ibecs<iee- th Ae es 378, 000 
units. 
Dock, moorings, ete. for sal- |_......_____]----- ae teln aes itl asses nai sual 228, 000 
vage vessel. 
Salvage ship, including all |____._..____]----- Died ctimediessl bhi abbas a 5, 620, 000 
equipment. | 
Total, item 12 (b)_.....-_- Pete ee seine tale ae eae 7, 686, 000 
(c) Aids to navigation: 
2,500-pound buoys. laa ale 600 | Eagh......-.:-- -| 4, 160. 00 2, 496, 000 
6,000-pound buoys.____- plalies Bee 1.25. decker «nae 5, 600. 00 840, 000 
Range markers (concrete) -__- aaa 9B |. 45s acseosn 36, 800. 00 1, 030, 000 
Range span (steel)___.._.-.------| T 1nd EOiianch nnd 4} A7O OOOO 1, 232, 000 
Sie eee... ........-----anin- 4 Ps 66, 300. 00 265, 000 
Roadways to signal stations_- OE Ras cismca nee 50, 500. 00 202, 000 
Clearing and grading ---..--.----- 650.1 AMO, | < sendiens 350.00 | 227. 500 
BULVASMsMee...~----------<-]seevans EER snonnepawanalag 670, 000 
Tie-up stations electrical equip- 14 | BGR iwe-sesc-s 25, 800.00 | 361, 000 
ment, | 
Telephone communication sys- |__._______- ye ee ee Tia% 
tem. 
Radio-telephone communication |_..........- pian coucnnsel pies cncmeeiiine 1, 025, 000 
system. 
Electric power supply, sigmal |_.........-.|----- DB ininsn +++ 4-1 annemebeses 258, 000 
stations. 
Aids to navigation in fog._...-.--|_...-_-- oddatnn da sade eptieatie cenktewiindes 2, 340, 000 
Auxiliary .range markers. --...-.-.|.-...-..-.-- ee SU iin cs asi ace aaa aee eee 123, 000 
Total, item 12(c) 5 11, 47, 000 
a I a a 
SE, CN Blt oo cscs us sein Gi siuce emis mn ebesip bic kate east dnesahand bik G oom ania Urenecsar ash adie Newel a ce coral ania 
Seen aAUMIROD OAS. on ee 




















1 Included in unit costs. 
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. VARIABLE 


VARIABLE EL.-60 TO-70 


TYPICAL EXCAVATION SLOPES - CUCARACHA , 
CULEBRA ,LA BOCA AND LAS CASCADAS FORMATIONS 


ELEV. O ATLANTIC END 
ELEV.-/0 PACIFIC END 


PLAN I & PLAN IT 


CHANNEL PRISM 


EXCAVATION SLOPES 
PART “a” 





Ficure 45. 


57677 O—60——27 
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EXCAVATION SLOPES 
ATLANTIC AND PACIFIC MUCK 


Ret. Appendix i2, Figure 14 
1947 Report 


PLAN IT LOCK CANAL, 
SLOPE IN OVERBURDEN 


EXCAVATION SLOPES 
PART "B” 


Figure 46. 
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CULEBRA ,LA BOCA AND LAS CASCADAS FORMATIONS 
Ret. Appendix I2 Figure &. 
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Curves Modified for Cuts 
hon 200 feet to Meet 
Slope Proposed by 


DEPTH OF CUT IN FEET 
CUCARACHA FORMATION EXCAVATION SLOPE CURVES 


1947 Report PART "Cc" 


Fiacure 47. 
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ALL SLOPES 12¥ ow 1/4 
EXCEPT AS SHOWN 


ELEVATION 
Ss 
° 


VARIABLE 
£L.-60 TO 
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ak 
= 


ALL SLOPES 12” ON 1* 
EXCEPT AS SHOWN 


ELEVATION 


SLOPES FOR GATUN, BOHIO, AND CAIMITO 


Ref. Appendix 12, Figure 7. EXCAVATION SLOPES 
1947 Report PART "pb" 


FicureE 48. 
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PANAMA CANAL - AT 
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PANAMA CANAL- ATLANTIC TO PACIFIC 
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SEA LEVEL CANAL ALIGNMENT 8P-2. DATED 1947,EXCEPT 
AS MODIFIED FOR 1959 LONG RANGE STUDY 


3. HYDROGRAPHIC SURVEY SHEETS FOR 1955 
DRAWING NO. 74-2904-SHEETNO. 1! TO SHEET NO. 38 
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PRINCIPAL TRADE ROUTES 


To accompany report of the Governor, The Panama Canal 
In accordance with Public Law 280, 79th. Congress, 1st. Session, Approved Dec. 28, 1945. 
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To accompany report of the Governor 
In accordance with Public Law 280, 79th. Congress 


VIA LAKE NICARAGUA 


ALTERNATE SEA -LEVEL ROUTES 
CANAL ZONE AND VICINITY 
SEE PLATE 3 


ROUTE OF PRESENT LOCK CANAL 
SEE PLATE 3 
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APPENDIX. 8 
PART 1 


1. SOOPE OF GEOLOGIC STUDIES: The primary objectives of the geo- 
logic studies conducted under Public Law 280 were the assembling of suf- 
ficient data to aid in the selection of the most feasible and economic 
route and the determination of the principal geologic problems involved 
along the selected alignment. Previous data on the geology of the vari- 
ous alternate routes varied widely in suitability for these studies. In 
the case of a few of the routes the existing geologic rmation was 
sufficient for evaluation of the route. Field investigations required 
in other cases ranged from a reconnaissance to detailed geologic mapping 
and core drilling. These studies involved a preliminary classification 
of the materials to be excavated, estimates of the physical properties 
of these materials, and an appraisal of earthquake conditions, and other 
geologic hazards to canal construction. 


The geologic discussions contained in this appendix are confined 
to the selected route for a sea-level canal. The geologic investigations 
for the Panama Sea-Level Canal included the classification of materials 
to be excavated, the assembling of detailed geologic data for the design 
of slopes, the evaluation of the strength of the formations as foundations 
for structures, the study of earthquakes, the possibility of the presence 
of active faults, the availability of materials for construction, and 
water-supply studies. Data on the geology of other routes studied are 
contained in Appendix 2. The geology of the Panama Lock Canal (Plans I, 
II, and III) is presented in Appendix 13. 
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Pak? 12 
PREVIOUS IC AND GEO NG_INVESTIGATIO 


2. RECORDS OF PREVIOUS GEOLOGIC STUDIES: A digest of all available 
literature on the previous geologic or geologic-engineering investiga- 
tions is presented in this part. The writings of scientists and obser- 
vant laymen who visited the Isthmus prior to the organization of the 
first French Canal Company represent the first unsystematic attempt at 
recording geologic information. The findings of the French Canal Com- 
pany geologists are contained in reports and files which were turned 
over to the Isthmian Canal Commission in 1905. In numerous instances, 
certain drawings or drill-hole logs can no longer be located and pre- 
sumably have been lost or destroyed since their transfer. A complete 
record ef the geologic explorations of the Isthmian Canal Commission 
is contained in the Panama Canal Record Bureau Files 43, 44 and the 
Annual Reports for the years during which the work was conducted. Re- 
ports dealing with geology of the Third Locks Project are contained in 
the files of The Panama Canal.>’» 58 ‘these files also contain copies 
of geologic reports issued between 1942 and the inception of the pres- 
ent studies. In the following paragraphs an evaluation has been made 
of all significant geologic studies from the standpoint of present day 
geologic-engineering practice. A detailed history of growth of geologic 
knowledge of the Zone is filed in the Special Engineering Division 
of The Panama Canal.® 


3. EARLY EXPLORATIONS: Geologic explorations of the Canal Zone 
region, prior to the acquisition of the Canal concession by the First 
French Company, were extremely rudimentary in character and of narrow 
scope. This early work consisted for the most part either of inciden- 
tal observations of scientists who noted occasional outcrops while 
transiting the Panama Railroad, or were the writings of geographers 
and academic geologists. Most of these scientists were Germans, who 
at that time were devoting themselves extensively to the exploration 
of the Central American countries. 


4. FIRST FRENCH CANAL COMPANY: The First French Company did con- 
siderable work of a geological nature, but apparently without the bene- 
fit of good geologic advice and coordination. They put down many bor- 
ings and test pits, but the interpretation of these explorations was 
left to the drillers or drill foremen. Sections and areal geologic 
maps issued at the time of this work are still available for study, 
and the shortcomings of their work in so far as presenting a geologi- 
cal picture in critical areas of high cuts is striking. Their explor- 
atory work as to the nature of the substrata where structures were to 
be founded is much better. No one at that time had any idea of the 
true mechanics of landslides other than those related to the dip of 
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the strata or disintegration of soil and rock because of weathering. A 
total of 605 drill holes was drilled during the exploratory period, of 
which only 63 were within the deep-cut areas adjacent to the Continental 
Divide. The large majority of their explorations were made at proposed 
sites for dams and harbor facilities. Later, when the plans for con- 
struction of a sea-level canal had been altered to one embodying the use 
of locks, investigations were made at tentative lock locations. The num- 
ber of exploratory drill holes completed in the Canal Zone between 1881 
and 1947 is shown in Table l. 


TABLE 1 


ACE EXPLORATI PANAMA 
(1881-1947, inclusive) 


Holes in 
Number Gaillard Cut, Average Depth 
of Las Cascadas of Holes in 
Agency Period Holes to Paraiso Gaillarg Cut 


First French Company 1881-189, 605 120 ft. 
(42 holes) 


Second French Company 1894-1903 60 No records 
available 


Isthmian Canal Com- 
mission | 1904-1914 160 ft. 


The Panama Canal 
(Third Locks Project) 1938-1943 1968 151 ft. 


The Panama Canal ‘ 
(Studies under Public 
Law 280) 1946-1947 2x08 87aee 335 ft. 


*#Includes drilling on the adjacent Panama routes. 


##Holes listed were drilled in the north approach channel to the 
proposed New Pedro Miguel Lock. 


#®*Por purposes of designing canal slopes, these holes are of more 
value than all previous borings combined. They are the only 
borings completed for that specific purpose; that is, spotted at 
critical locations, carried down to sufficient depth (elevation 
-100 or more), cores carefully logged by a geologist, and sam- 
ples of weakest materials tested in the laboratory. 


57677 O—60—_28 
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5. SECOND FRENCH CANAL COMPANY: The Second French Company's main 
contribution to the history of Canal geology was the compilation of the 
previous organization's records into an organized form. Reports issued 
by Bertrand and Zurgher, Bertrand, Douville, and Marcou gave a fair cov- 
erage of the outstanding geologic features of the region cut through by 
the alignment. Their reports are far from satisfactory in describing 
means of contending with the engineering problems, particularly those 
that would minimize slide development. Their thoughts with respect to 
slides were the conventional ones of the time--that all slides could 
be attributed to one or the other of two causes, that is, the slipping 
of soil or rock strata down steeply sloping inclinations, or the creep 
of soil and rock detritus that accumulated from weathering breakdown. 
Geologists and engineers of that day, and until the time of the late 
Dr. D. F. MacDonald's period of residence in the Canal Zone, had no 
other concept. Very little additional exploratory subsurface informa- 
tion was aided by the Second French Company, since only 60 explorations 
were made during the period of their activity. Only 29 (two core borings 
and 27 test pits) were within the deep-cut region. The dominant purpose 
of the investigations conducted by the Second French Company appears to 
have been to get the geologic data into a form acceptable to the then 
negotiating purchaser of the concession, the American Government. 
Naturally, their prime objective was to present the geologic relation- 
ship to the construction problem in the most favorable manner possible. 


6. ISTHMIAN CANAL COMMISSION: Near the end of the French regime 
(after 1897), the first investigators for the Isthmian Canal Commission, 


generally referred to as the Walker Commission, came to the Isthmus for 

a very brief stay to acquire firsthand data concerning the nature of the 
project and the construction work accomplished by the French. This com- 
mission was composed of engineers who were appointed by President McKinley. 
The board did not include any American geologists, but apparently accepted 
the presentations of the French geologists at face value. Canal construc- 
tion by American forces was commenced in 1905. Ernest Howe, the first 
American geologist to examine local features that would affect canal con- 
struction, did not arrive on the Isthmus until late in 1906. He spent 
only six weeks in covering the entire alignment. His report, in view of 
the short period of field work and its broad scope, is a remarkable piece 
of work. Howe's main contribution was the establishment of the strati- 
graphic order of the Canal Zone sedimentary rocks--this was an important 
step forward in the field of local geology. 


C. W. Hayes, then Chief Geologist for the United States Geological 
Survey, was sent to the Isthmus for an ll-day period in 1910, by direction 
of the Secretary of War, to study and make recommendations for further re- 
search into the causes and best corrective methods to be applied toward 

alleviating the Panama Canal slides which then were seriously hampering 
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the progress of the excavations. Hayes was the first man to correctly 
infer that the reason for the most disastrous breaks was overloading of 
weak strata by steeply cut banks. His report included a recommendation 
for assignment of a resident. geologist to the job, which led to the ap- 
pointment of MacDonald in 1911. 


D. F. MacDonald, who was an assistant geologist with the United 
States Geological Survey, was appointed resident geologist to the Isthmian 
Canal Commission in January 1911 and served in this capacity until Decenm- 
ber 1913. He correctly analysed the factors that had caused and were con- 
tinuing to cause the tremendous bank failures along the Canal. In addi- 
tion, he contributed much to the knowledge of the distribution, nature, 
and structural relations of the formations present. He collected fossils 
and rock specimens for study by United States experts. At his recommenda- 
tion, the upper slopes of the East and West Culebra slides were unloaded 
by terracing. 


7. NATIONAL ACADEMY OF SCIENCES: A committee of members of the Na- 
tional Academy of Sciences was sent to the Canal Zone at the request of 
the President of the United States in December 1915. Slides had then 
caused the closing of the Canal and public confidence in the venture had 
been severely shaken. The group was composed of four geologists and six 
engineers who were outstanding in their respective fields. They spent 
two weeks in the Zone, most of which was occupied with studying the 
slides, and in April 1916, published a preliminary report containing a 
description of the causes and proposed remedies for the slides. The 
final report was not published until 1924.“ ‘mis committee found, as 
published in the report, that at no time had adequate appreciation been 


given to the relationships between the crushing or shearing strength of 
the materials, depth of cut, and stable slope angles. The committee 
also stated that proper slope design would have prevented or at least 
minimized the extent and volume of the slides. 


8. MADDEN DAM AND INCIDENTAL OBSERVATIONS: Practically no work of 
a@ geologic nature was done during the intervening years following the 
National Academy of Sciences' study and prior to the commencement of 
explorations in preparation for the design of the Third Locks Project. 
A few geologists made observations incidental to the location and design 
of Madden Dam, and others in transiting the Canal noted features and com- 
mented upen them to the administration of the Canal. WNoene of these had 


ether than a remote bearing on the over-all geology of the areas of pres- 
ent interest. 


9. THIRD LOCKS: Commencing in the summer of 1938 on a limited scale 
and expanding rapidly during 1939, subsurface and surface investigations 
were made of the tentative locations for the new locks and their approach 
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channels. A total of 1968 core holes was drilled as an adjunct to the 
Third Locks study, the majority of which were all or in part for slope 
determination. These studies are the only ones made within the Canal 
Zone prior to the current studies that would be considered as meeting 
suitable standards for slope design. The services of Dr. MacDonald, as 
visiting consultant during the summers of 1938 and 1939, and as resident 
consultant after June 1940, were of inestimable value towards the suc- 
cessful prosecution of these investigations. His reports and memoranda 
comprise a reliable basis for subsequent extensions and refinements by 
later workers. Results of the Third Locks Studies are contained in the 
reports of that project.57, 58 
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PART ITI 
GEOLOGIC EXPLORATORY METHODS 


10. FIELD MAPPING: Areal geologic maps were prepared for the re- 
gion bordering the present Canal, the alignment of the Panama Sea- 
Level Conversion Route, and in other areas where structures were 
planned. The mapping was performed by field geologists who corre- 
lated the information revealed in drill holes with the surface find- 
ings. The areas investigated were split into sectors with responsi- 
bility for compilation of all data in each sector delegated to the 
geologist assigned to it. During the course of field investigations 
each sector geologist was accompanied by an assistant. Results of 
all field studies were plotted on military maps of a scale of 1:20,000 
with 20-foot contour intervals. Topographic sheets with a scale of 
1:3000 were available of areas close to the existing Canal. These 
sheets were used for plotting geologic data in preference to the 
military maps because of their detail and accuracy. Where they were 
available, canal station markers and surveyed drill-hole locations fur- 
nished control points for geologic mapping. In areas away from these 
points, it was necessary to rely entirely upon topographic maps. An 
office stereoscopic study of aerial photographs disclosed that fault 
lines as well as the areal extent of many of the formations could be 
traced from photographic characteristics. The areal maps prepared 
from field mapping were essential for the proper evaluation of geo- 
logic problems pertaining to route selection, excavation procedure, 
and construction cost estimates. 


11. CORE BORINGS: Extensive core drilling was undertaken to ob- 
tain general geologic information that could not be secured from sur- 
face mapping alone, and to provide samples suitable for testing to 
determine the strength of the materials. Drill holes were located 
where particular problems were involved and the surface geology indi- 
cated that critical or representative information could be obtained. 
Consequently, a large proportion of the borings was located in the 
Continental Divide region, particularly in the vicinities of the higher 
hills. In the Gatun Lake area, an arbitrary hole spacing was often 
necessary. Wherever possible, core borings were drilled to elevation 
-100, and in some instances where correlation of basic geology was 
needed, to elevation -240. 


a. Inspection: A geologically trained inspector was assigned 
to each drill rig and was present during all drilling operations. The 
inspectors observed and recorded drilling conditions, logged the core, 
classified the materials encountered, and selected and preserved typical 
samples of the strata penetrated. These samples were turned over to the 
Soils and Foundations Section for laboratory tests. The work of the 
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inspectors was under the supervision of a chief inspector and the field 
geologists who checked the core and final field logs. Instructions on 
the procedure of obtrining, handling, and preserving samples were ob- 
tained from a field representative of the Soils and Foundations Section. 


b. Drilling Operationg: All drilling operations were conducted 
by the Dredging Division of The Panama Canal. The elevations and geo- 
graphic coordinates of each hole were determined by the Section of Sur- 
veys of The Panama Canal. Nearly all cores taken were 2-1/8 inches in 
diameter, but in a few instances it was necessary to reduce to 1-5/8 
inches. The cores were classified in the field, placed in Panama Canal 
standard core boxes which hold 25 feet of core per box, and stored in 
the core sheds at Miraflores for future reference. Barge-mounted drill 
rigs were used in the Gatun Lake and harbor areas. Truck- or skid- 
mounted rigs, depending upon the accessibility of the locations, were 
used for all land drilling. Water was employed as a drilling fluid, 
except in a few instances where a prepared mud was used to decrease 
caving tendencies in fractured zones. In every hole, a 4-inch casing 
was seated on the top of sound rock, and in soft formations 3-inch 
casing was set to depths necessary to prevent caving. Hand-set carbo- 
loy-insert bite were used mainly, although in a few cases hard basalt 
required the use of diamond bits. The water level in each hole was 
measured prior to the start of daily drilling operations. Orientation 
of angle holes was determined periodically by the "acid bottle" method. 
Two hundred and thirty holes were completed to July 1, 1947, having an 
aggregate footage of 54,376 linear feet. 
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PART IV 
GEOLOGY OF PAN SEA-LEVEL Vv. ON 
SECTION 1 


PHYSTOGRAPHY 


12. GENERAL FEATURES: The rather unusual topographic variation of 
the Canal Zone is largely the result of stream erosion and weathering. 
The land surface has been periodically uplifted and depressed with re- 
spect to sea leyel. The region is characterized by numerous conically 
shaped hills, which are very irregularly spaced and thus give a rather 
chaotic appearance to the terrain. The characteristics of the land forms 
are controlled principally by the relative resistance to erosion of the 
rocks in any given area. Structural features, such as faults and folds, 
play only a secondary and relatively minor role in the configuration of 
the landscape. Drainage patterns are well developed and sharply defined 
despite their comparatively recent geologic age. Areas underlain by soft 
rocks are characterized by broad valleys within which the larger streams 
have beveled off the strata and deposited a blanket of alluvial material. 
Along both coasts, extensive swamp areas are present near the mouths of 
the principal streams. In areas underlain by hard rocks where stream 
gradients are sufficiently steep--conditions that are most widely ful- 
filled in the central higher portion of the Isthmus--the streams have 
cut narrow, steep-walled canyons. Where the drainage passes from hard 
to relatively soft formations, there is a notable widening of the valleys 
and flattening of the stream profiles. The distinguishable physiographic ~ 
provinces are described in the following paragraphs. 


13. ATLANTIC LITTORAL SWAMPS AND LOWLANDS: These comprise the Chagres, 
Trinidad, and Gatun River valleys with associated inland and coastal swamp 
areas. This topography is essentially the product of aggradation, as con- 
trasted with the degradational processes involved in the other physio- 
graphic areas. In Pliocene-Pleistocene time the land surface was generally 
much higher than at present. During this time, the larger rivers cut deep 
valleys on the Atlantic slope. Then followed a period of subsidence, and 
the velocity of the streams was considerably reduced, particularly along 
their lower courses. Consequently, in these reaches the streams deposited 
their loads of silt and vegetable debris. Periodic encroachments of the 
sea resulted in brackish water conditions, causing a mingling of stream- 
borne clay, silt, and vegetable matter with marine sediments containing 
plant and animal life that is assigned to the Pleistocene era. In the 
Gatun and neighboring areas, deposits resulting from these processes are 
known as Atlantic muck. The latest geologic movement, raised the surfaces 
of the swampy estuary channels and tidal flats to a few feet above sea 
level. This upward movement, which may be continuing to the present day, 
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is evidenced by the presence of slightly elevated coral reefs along the 
Caribbean coast and low marine terraces on the Pacific side. The Mindi 
and Monkey Hills on the Atlantic side are islands of Miocene sedimentary 
rock rising through, and surrounded by, Atlantic muck. 


14. PACIFIC LITTORAL SW : This province extends from the 
vicinity of Miraflores Locks south to Panama Bay. The ruins of Old Pan- 
ama, several miles east of the Pacific entrance to the Canal, are founded 
on muck deposits formed by a process similar to that described in the pre- 
ceding paragraph. The lower reaches of all the larger streams flowing 
into the Pacific are known to contain similar muck deposits, and these 
also occur beneath the waters of Panama Bay. These deposits are known 

as Pacific muck. 


15. STRATIFIED ROCK : The topography of these areas is usually 
characterized by relatively low elevations; however, not all areas of 

low elevation are underlain by sedimentary strata. This type of terrain 
is more subdued than that carved from more resistant igneous rocks, and 
the elevations of the hilltops tend to be accordant. The larger streams 
in the sedimentary areas have carved broad, flat valleys. The lowlands 
extending from Pedro Miguel to the vicinity of La Boca are typical of this 
type of topography, as are the flat areas northwest of the old town of 
Culebra and the low hilly country northeast of Gatun. 


16. IGNEOUS AREAS: These areas extend generally from the 
southern shores of Gatun Lake southward to the Pacific Ocean. They are 
typified by steep, rugged topography at elevations of 400 feet or more 
above sea level. In isolated areas, the flats near Camp Empire for ex- 
ample, stratified rock topography occurs locally in the igneous complex 
region. Maximum relief in the Canal Zone of about 1200 feet is developed 
in this rough and irregular terrain. Igneous complex areas are charac- 
terized by numerous steep gullies of irregular pattern. Steep-sided hills 
are separated by narrow valleys or abrupt saddles. These youthful-appearing 
land forms are a reflection of the heterogeneous and discordant bedrock 
upon which the existing drainage systems have been incised. In most cases 
the upper portions of the hills consist of harder rocks such as agglomerate, 
basalt, rhyolite, and andesite, which occur either capping the hills as 
eroded remnants of formerly more extensive deposits and flows, or as dikes 
and plugs that have been intruded into the softer and less erosion-resistant 
sedimentary rocks that constitute the lower hill slopes and valleys. 

Erosion of the interhill areas has oversteepened the slopes locally, and 
slide scars are prominent features on many hillsides. A view of the Con- 
tinental Divide region looking northwest from the summit of Gold Hill is 
shown in Figure 1. The basin in the foreground is underlain by soft sedi- 
mentary strata. The hills in the background are composed of igneous and 
pyroclastic rocks. 














ISTHMIAN CANAL STUDIES~ 1947 


‘SHOOYN G3IlsILVYLS 
A@ NIVINSGNN SV3YV MOT “ZEET ‘ANVANVS “THIH G1OD WOYNS LSSMHLYON SNIMOO7 MBIA 


429 


FIGURE | 


APPENDIX 8 


4 
< 
Z 
a“ 
oO 
a 
Zz 
< 
mu 
QQ 
ee) 
eH 
m 
° 
me 
a 
< 
few} 
S 
o 
jo] 
a 
QQ 
S 
Z 
=< 
° 
o 
Za 
° 
4 


Pane 


L4¥61-S3IGNIS IWNYD NVIWHLSI TWNVYD WAYNWd 3Hi 





















430 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 





17. ARTIFICIAL FEATURES: The construction of the Canal has played an 
important part in the present appearance of the terrain. Gatun and Mira- 
flores Lakes comprise nearly 170 of the 550 square miles within the Canal 
Zone, Other artificial features are the extensive cuts, fills, and spoil 
ereas resulting from former construction activities. Slides are prominent 
topographic features in the Gaillard Cut area (see Figures 1 and 2). 


SECTION 2 


STRATIGRAPHY 


18. GENERAL DISCUSSION: The stratigraphy of the Canal Zone is un- 
usually varied and complex. The lack of good exposures, the discontinuous 
and lenticular character of many of the beds, the changing character of 
the formations both laterally and vertically, the complicated fault pat- 
terns, and the inundation of several important localities by the waters 
of Gatun Lake seriously hampered the effort to assign each formation to 











its proper place in the Isthmian geologic column. As previously mentioned, 


in many instances early exploratory wrk was not systematic and was car- 
ried out by investigators who approached the problem with widely different 
viewpoints. Consequently, earlier concepts were often revised as the geo- 
logic studies progressed. The Third Locks and present studies have re- 
sulted in certain changes in earlier views. In the following paragraphs, 
the formations as presently recognized are treated in the order of depo- 
sition, beginning with the oldest rock unit and progressing successively 
to the youngest materials, which are now being deposited by streams and 
wave action. Figure 3 is a generalized map showing the distribution of 
various rock types in the Canal Zone and adjacent areas. Figures 29 to 
37 show details of the distribution and relationships of rock units en- 
countered along and adjacent to the selected route. 


19. PRE-TERTIARY COMPLEX: The pre-Tertiary complex rocks are a 
heterogeneous series of old volcanics, pyroclastics, and metasediments 
which crop out in several locations in the central portion of the Isth- 
mian region. They are pertinent to the current investigation because 
part of the Chagres diversion channel north of Gamboa would be dug 
through them. All of the rocks in this classification show more or 
less alteration. Basalt masses that originated as flows, dikes, and 
sills, coarse agglomerate, well-bedded tuffs, and fine-greined, semi- 
metamorphosed sediments are found intimately intermixed. These rocks 
in their unweathered occurrence are all strong. They form the basement 
upon which all subsequent sedimentary formations were laid down. The 
age of this series has not been established definitely but the strongly 
unconformable relationship between them and the oldest datable sedimen- 
tary formation in the vicinity, which is known to be upper Kocene in age, 
is indicative of a considerable time lapse and they are inferred, there- 
fore, to be at least as old as the Cretaceous. 


°ile- 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 431 


20. GATUNCILLO FORMATION: This formation was originally described 
from exposures in the valley of the Gatuncillo River, where it is widely 
distributed, °2 Strata correlated with the Gatuncillo formation have 
been encountered in three drill holes on the northern end of the Chagres 
Diversion Channel alignment. This formation is exposed at other locations 
along the proposed channel. It would not be encountered in the excavation 
of a canal along the Panama Sea-Level Conversion Route. The Gatuncillo 
formation overlies partially metamorphosed pyroclastic, igneous, and sedi- 
mentary rocks of probable Cretaceous age, that have been designated as the 
basement or pre-Tertiary complex. At the type section in the valley of 
the Geatuncillo River, the formation consists of intercalations of soft, 
finely bedded, uniformly fine, even-grained yellowish gray or buff-colored 
shales and impure bentonite beds in a thick sequence of soft gray-green, 
massively bedded siltstones. In the upper horizons, particularly along 
the east bank of the Quebrancha River near the Transisthmian Highway 
bridge, prominent lenses of pure, hard, crystalline limestone are found. 
The strata so far encountered along the Chagres diversion channel con- 
sist of finely bedded shales, siltstones, and massive limestonés. The 
Gatuncillo formation contains numerous fossil foraminifera indicative of 
its upper Eocene age. 


21,5 BAS OBISPO FORMATION: This formation was originally described by 
Howe,<“ who included in this unit rocks now known as the Las Cascadas 
agglomerates. The Bas Obispo as yet is of undetermined thickness. The 
formation is of pyroclastic origin and is composed largely of hard sub- 
angular to angular fregments of andesite and basalt ranging from pebbles 
to cobbles in size, with a few huge boulders in a hard, well-indurated, 
sandy tuff matrix of andesitic and basaltic composition. Jointing in this 
unit is commonly massive, except where the rock has been sheared by fault 
action. Crude bedding is visible locally, as are occasional well-rounded, 
water-worn pebbles and cobbles, which in places lend to the rock the ap- 
pearance of conglomerate, However, the matrix is so hard that the mate- 
rial tends to break through, rether than around, the larger fragments when 
blasted, while local conglomeretes have a softer matrix which breaks more 
easily than the larger fragments. Portions of this formation were formed 
of minor scattered flows and small intrusions of andesite, basalt, and 
other volcanic materials which, after attaining their initial cooling 

set, were broken by succeeding movements of molten rock. Later, the re- 
sulting angular fragments were fused together by eruptives. 


22. LAS CASCADAS AGGLOMERATE: This formation was named by D, F. Mac- 
Donald in 1913 3r and comprises pyroclastic rocks occurring in the area 
between the Caraba River and the former town of Smpire. The Las Cascadas 
overlies the Bas Obispo formation and consists predominantly of agglomeratic 
tuff and tuff-breccia (Figure 4). The agglomerates consist of small sub- 
angular to angular pebbles and cobbles of hard, dark-gray andesite ranging 
up to eight inches or more in diameter and enclosed in a waxy, clayey, 
dark-grey, red or light-green, altered tuffaceous matrix. The number 
and size of fregments vary locally. Bedding is either obscure or 
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lacking. Jointing is usually massive. Interbedded with the agglomerate 
are units of fine- to coarse-grained, well-bedded tuffs. These range in 
color from yellow through green to red, are generally altered, clayey, 
and occur in beds several inches to 20 feet or more in thickness. Scat- 
tered lenses of metabentonitic clays up to several feet in thickness and 

of undetermined lateral extent are aiso present. Hard layers and irregular- 
shaped masses of basalt and andesite that originated as flows, dikes, and 
sills are distributed throughout the formation. The tuffs and agglomerates 
of this formation are similar in origin and engineering properties. No 
fossils have been found in any part of the Las Cascadas or Bas Obispo for- 
mations. 


23. BOHIO FORMATION: Rk. T. Hill proposed the name "Bujio" or "Bohio" 
for the conglomerates and agsoclates rocks exposed in the quarries at Bohio 
and in near-by French excavations. 9 E, Howe enlarged upon this defini- 
tion and included the sediments at Vamos a Vamos, a site ndy goverea by 
Gatun Lake, and some of the beds near the site of Gatun Dam. On the 
basis of fossil collections, the Vamos a Vamos beds appear to represent a 
horizon equivalent to the lower part of the Bohio, while the strata near 
Gatun Dam are at present included in the Gatun formation. MacDonald re- 
defined the Bohio formation as essentially the conglomerates and associ- 
ated rocks originally described by Hill and considered it to represent 
the oldest sedimentary formation within the Canal Zone. 3 Most of the 
type localities referred to in older writings are now covered by Gatun 
Lake and therefore are inaccessible. Present studies have shown the 
formation to occur in the areas between Bailamonos Island and Gamboa, and 
between Bohio Point and Salud Point. It is possible that at least some 
of the coarse, bedded materials found between Canal Station 1488 and 1720 
may belong in the Bohio formation rather than in the Bas Obispo formation. 

























a. Lithology: In the vicinity of the existing Canal the Bohio 
formation consists of a series of sandstones and conglomerates which are 
moderately hard, thickly to thinly bedded, and massively jointed. The 
conglomerates are composed of angular to rounded pebbles, cobbles, and 
very scarce boulders up to six feet in diameter (Figure 5) embedded in a 
dark-gray, coarse-grained, angular basaltic sandstone matrix. Tuffaceous 
beds are found at scattered localities. According to MacDonald, beds of 
dark-gray clayey marls which contain foraminifera remains occur in the 
upper portion of the formation.23 The Bohio is estimated to be over ; 
1000 feet thick. Howe and MacDonald considered the conglomeratic portions 
to be of fluviatile origin. Basalt intrusions ranging from a few feet to 
over 200 feet in width are common in the formation and are most numerous 
in the vicinity of Darien and Gamboa. The proportion of various rock 
materials present is shown in Table 2. 
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Material 


Agglomerate 
hard 


"Ash Flow" 
hard 


Basalt 
very hard 


Clay Shale 
medium hard 
soft 


Conglomerate 
hard 


Limestone 
very hard 


Marl 
medium hard 


Sandstone 
hard 
medium hard 
soft 


Shale 
hard 
medium hard 
soft 


TOTAL 


Based on 
Based on 


TABLE 2 


PERCENTAGES OF ROCK MATERIALS IN VARIOUS 
CANAL ZONE SEDIMENTARY FORMATIONS 


Formations 
Bohio Culebra+ Caimito* La Boca? Gatun” Cucaracha? 


13.0 


8 
7.0 18 
24, 


100.0 100.0 100.0 


1l borings in Cut. 
19 borings in Lake. 


Based on 49 Third Locks borings, mainly in upper portion. 


Based on 
Based on 


52 Third Locks borings. 
13 typical Third Locks borings. 
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b. Age and Correlation: The age of the Bohio formation is not 
definitely know. It is overlain by the Caimito formation, the lower 
part of which is of Oligocene age, and the Bohio itself is probably 
Oligocene. The only identified fossils are the foraminifera Lepidocyclina 
canelli and Lepidocyclina gigas, and silicified wood, referred to as 
Taenioxylon multiradiatum, which also occurs in the Oligocene Antigua 
formation of the island of Antigua. 


24. CULEBRA FORMATION: This formation was first described by Howe, 
who included under the 3 formational name beds now designated as En- 
perador and Cucaracha. MacDonald subsequently separated the units 
at present known as the Enperador limestone member and the Cucaracha 
formation from the Culebra. The name "Bnperador limestone" was ap- 
plied by MacDonald to very fossiliferous limestone which has since been 
found at several horizons within this formation. Culebra rocks occur at 
various localities in Gaillard Cut and are best exposed between Canal 
Stations 1720 and 1760. The Culebra is known to rest unconformably on 
tuffs of the Las Cascadas formation. The formation is estimated to be 
over 500 feet thick. 


a. Lithology: The Culebra formation is divisible into an upper 
calcareous and a lower clayey member. The latter consists of medium-hard, 
variegated gray, red and black, thinly laminated, variably silty and sandy, 
carbonaceous shales, marls, and carbonaceous clays with intercalations of 
thin pebble conglomerates, sandstones, tuffaceous beds, and thin seams of 
lignitic shale (Figure 6). The upper member consists of beds and lenses 
of gray to buff, calcareous and tuffaceous sandstones 3 to 10 feet thick, 
black carbonaceous shale layers, and minor thicknesses of thinly bedded 
tuffs (Figure 7). On the average, it is harder than the lower member. 
Dense, hard, massively bedded and jointed, cream-colored fossiliferous 
limestone with localized and spotty distribution is designated as the 
Emperador limestone member (Figure 8). This member contains abundant 
corals, pelecypods, and other marine fossils and in places represents a 
coral reef deposit. Considered as a whole, the Culebra formation repre- 
sents the product of marine deposition, which is attested by the inter- 
bedded and gradational nature of its facies and the presence of micro- 
scopic marine fossils throughout the section. Rapid changes in facies 
with marked thickening and thinning of strata are normal characteristics 
of deltaic or near shore marine deposits. The contact between the two 
members is for the most part gradational and is only locally disconform- 
able. This type of contact represents changes in depositional environ- 
ment (type of materials supplied by streams, climate, and relations of 
land and sea) rather than an appreciable time lapse. 


b. Age and Correlation: On the basis of fossils collected from 
the Culebra, the formation is known to be Oligocene in age, and probably 
younger than the Bohio. The prestnce of Lepidocyclina canelli in the 
Culebra formation and in the lower part of the Caimito formation indi- 
cates that the Culebra may be the equivalent of the lower part of the 
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Caimito formation. The presence of Miogypsina cushmani and other micro- 
fossils within the Emperador member and the upper part of the Culebra 

are considered locally diagnostic for a definite interval that includes 
part of the Culebra formation. According to Vaughan, the corals of both 
the upper Culebra and Emperador members are closely related to the Qli- 
geome coral faunas of the Anguilla formation of the island of Anguilla 


25. CUCARACHA FORMATION: Hill, 19 Hayes,+7 Howe, and others in- 
cluded the Cucaracha in the Culebra formation. MacDonald separated as 
a distinct formation the predominantly clay shale series in the Upper, 
part of the Culebra to which he gave the name "Cucaracha formation." 
As at present recognized, Cucaracha beds occur extensively along the 
existing Canal between Stations 1740 and 2030, and at various locali- 
ties along the Panama Sea-Level Conversion Route. In places, the 
Cucaracha lies disconformably on the Culebra and elsewhere apparently 
intergrades with the underlying beds without evidence of sharp discon- 
formity. At some localities the formation immediately overlies the 
Emperador member of the Culebra. The maximum known thickness is 625 
feet. 


a. Lithology: Due to past slide experience involving this 
formation and the generally over-all weak character of its beds, de- 
tailed studies of the Cucaracha formation were made as a part of the 
Third Locks Project.97; 38 Percentages of various rock types contained 
in the formation are listed in Table 2. The Cucaracha consists pre- 
dominantly of weak clay shales, locally bentonitic and interbedded with 
fine tuffaceous siltstones, medium- to coarse-grained cross-bedded tuff- 
aceous sandstones, pebble conglomerates, thinly bedded lenticular black 
carbonaceous clayey shales, and a hard gray agglomeratic tuff known as 
the "ash flow." The beds of this formation represent largely the accu- 
mulation of volcanic debris thrown out by intense volcanic activity of 
the explosive type. 


As indicated in Table 2, clay shales form the greater portion 
of the Cucaracha formation. They are not true shales, which are char- 
acterized by lamination but are, for the most part, compact, soft to 
medium-hard, variably waxy or soapy, massively bedded, altered tuffs 
(Figure 9). The originally unstable glassy ash particles have broken 
down chemically to form clay minerals. The chemical change has taken 
place rather uniformly throughout the formation. The clay shale is 
slightly to highly bentonitic in some areas. Occasionally, cores of 
the bentonitic material expand noticeably upon being removed from the 
barrel. A characteristic feature of the clay shale is the presence of 
irregular,unoriented, smoothly-polished minute fractures, or slicken- 
sides. It is thought that these shear planes were produced entirely as 
the result of alteration of fine.volcanic detritus to clay and benton- 
itic minerals, with accompanying volumetric changes under confining load; 


- 16 - 





~ 
a 
an 
' 
vi 
w 
a 
= 
e 
w 


CANAL 


Tee AN 


439 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


€P6I ‘4 LSNDAY TWNYD ONILSIXA 3HL JO OS+ZPLT NOILVIS lv G3SOdx3 
YIGW3IW Y3MO1 NI SANOLSONYS ONY S3IVHS SNOSOVNOSYYO ‘NOLLVWYOI VYEFINO 





£v61 -S3IGNnis IWNYD NVIWHISI TWNYSD VWYNWd FHI 


HAE ee a a RRR a a 
nas a an 


FIGURE 6 


APPENDIX 8 








LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


440 





Lv6i -S31GNnLs 





Zv6I ‘vb Wedv¥ “JQMS vYssIINO LSv3 4O LINN 
NY3LSV3 NI G3SO0dx3 YSSW3IW Y3addN NI SANOLSONVS AWIT ‘NOILWWYOJ VYSIING 


TWNYD NWIWHLSI IWNYD VWYNVd 












JHL 





FIGURE 7 


APPENDIX 8 


441 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


€v6l “24 ISNOAW. IWNVO 
S3WHS SNOJOWNOSUY) N 


Wanis VNVO 


9) 
0 


WILSIX9 JHL 4O 00+6191 NOIMWLS YV3N NOMVWYO VY8IIND BHL JO 
NILS3Y JNOLSIWIT SNONZAINSSO4 “YIBWIW JNOLSIWI YOOVEAdWS 





NVIAHILSI TYNYD VWAWYNWd 3H 





Zv6l ‘+ WHdy “WONINIC wwAIINA 1cw 2 ttm 


FIGURE 8 


APPENDIX 8 





a is oan ac OA) St tt 
esha dna i amma SIS 


cate baa aibabn ss 





‘Lv61 “LSNONV ‘00+S6ZT NOILWLS 
iV WNVO LN3S3ud 4O YNYS LS3M NO G3SOdxX3 NOILWWYOS VHOVYVOND 


FIGURE 9 





8 


APPENDIX 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 





442 


£061 -S3IQNLS IWNWD NVIWHIS! TWNVD VWYNVd 3Hi 








LONG-RANGE PROGRAM FOR THE PANAMA CANAL 443 

























however, in some areas the slickensiding may be due to the effects of 
faults that cut the formation. The slickensides vary in spacing and 
quantity, and their effect is to weaken the rock mass as a whole. Cores 
of the clay shale, especially the intensely slickensided and bentonitic 

material, check upon exposure to air, and later upon drying break down 

to small angular fragments, or in some instances to a fine powder. The 

clay shales are predominantly green-gray in color, but red-brown, choco- 

late, or mottled colorations are found interspersed as lenses. 


Carbonaceous shale occurs as lenses 1/2 to 3 feet thick, and 
consists of medium-hard black clayey to lignitic very thinly laminated 
material, representing compressed organic debris that collected and was 
covered and preserved in the bottom of ponds and stream pools of the 
geologic past. The carbonaceous shales constitute a minor portion of 
the Cucaracha formation. They are as weak as the clay shales in every 
respect. 


A minor part of the Cucaracha formation is composed of medium 
hard, greenish-gray to green, variably clayey siltstone. This material 
generally shows no bedding and is seldom slickensided. Normally the 
siltstones are stronger than the clay shales and in some instances pos- 
sess a tendency to disintegrate on exposure to the atmosphere--a feature 
indicative of the presence of hydrous minerals in considerable quantity. 
Much of the siltstone is variably calcareous, and a notable feature is 
the local distribution of numerous small calcareous concretions. Silt- 
stones occur intimately associated with other members of the formation 
and generally grade into them both laterally and vertically. 


AUGUST, 1947. 


STATION 1795+00, 


Sandstones in the Cucaracha formation range from fine- to coarse- 
grained, are generally of varying shades of green or greenish-gray in 
color, are composed of rounded to subangular grains of andesite and ba- 
salt, and occur in massive to cross-bedded layers ranging from a few 
inches to 25 feet in thickness. Locally the sandstones contain varying 
amounts of clay and tuff and are also variably calcareous. Like the 
siltstones, the sandstones are stronger than the clay shales. 
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Beds and lenses of conglomerate are scattered throughout the 
foration. They are composed of smooth, subangular to rounded, vari- 
colored pebbles of chert, tuff, basalt, and andesite ranging up to 0.2 
feet in diameter in a sandy, calcareous and tuffaceous matrix (Figure 
10). ; 


About 200 feet below the top of the Cucaracha, there occurs a 
bed 10 to 33 feet thick known as the "ash flow." This stratum is com 
posed of hard, gray, massive andesitic rock consisting of small feldspar 
crystals and abundant angular tuff fragments in an altered, glassy tuff 
matrix. The "ash flow" was so named because of its tuffaceous character 
and marked flow banding. Generally, the "ash flow" bed is highly jointed 
(Figure 20), and locally the basal portion contains well-developed open 
columnar jointing. 
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b. e and Correlation: Plant remains are common in the Cuca- 
racha and indicate its predominantly terrestrial origin. The following 
species have been identified: Taenioxylon multiradiatum, Paemioxylon 

cites, and a species of Charophyta. The latter is of interest in 
that it was probably a fresh to brackish-water type. At certain hori- 
zons within the formation, near the base of the series, thin conglomerate 
beds occur which contain oyster shells and small forms of the genus 
Anadara along with other marine fossils. These units represent short 
periods of marine transgression. No diagnostic marine fossils have 
been identified from the upper beds, the transitional beds at the top 
of the Culebra and base of the Cucaracha contain an abundance of upper 
Oligocene megascopic fossils interbedded with layers of fossil wood. 
The Cucaracha age equivalent in the Gatun Lake area of the Canal Zone 
is not known with certainty but is probably represented by part of the 
Caimito formation. g 


26. LA BOCA FORMATION: The name "La Boca" was assigned to the 
marine-deposited sediments stratigraphically overlying the Cucaracha 
formation, and in places interfingering with the upper Cucaracha sedi- 
ments. 9’ At least the lower part of the La Boca appears to be the 
marine equivalent of the upper part of the predominantly terrestrial 
Cucaracha formation. The La Boca beds are widely distributed along 
the existing Canal from the vicinity of Pedro Miguel south to the 
Pacific Ocean. The maximum known thickness of the La Boca formation 
is about 1000 feet or more. 





a. Lithology: The La Boca is composed largely of medium-hard, 
silty or sandy, dark-gray tuffaceous shales with occasional massive 
cross-bedded sandstones and thin conglomerate horizons in the lower por- 
tion (Figure 11). Although this formation has some soft shale members, 
they are on the average much more competent rock types than the weak 
clay shales of the Cucaracha formation (Figure 22). This lithologic 
variation between the La Boca and the underlying Cucaracha formation 
may be largely attributable to the difference in their depositional 
environments. 





b. e and Correlation: The La Boca formation is of upper 
Oligocene age as indicated by fossil evidence and stratigraphic re- 
lationships. This formation is younger than the Cuceracha formation, 
although its lowermost beds are believed to be the marine equivalent 
of the upper Cucaracha. 





27. PEDRO MIGUEL AGGLOMERATE: This term applies to the extensive 
pyroclastic beds in the vicinity of the proposed New Pedro Miguel Lock 
and approach channels for the Third Locks Project. 57 Generally equiva- 
lent rocks are fairly widespread in the Canal Zone and occur in the pro- 
posed Balboa Tunnel area, where they are interbedded with sediments of 
marine origin. In the Pedro Miguel area, agglomerate occurs invariably 
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in intimate association with and overlying the Cucaracha formation, while 
to the south it is found near the base of the La Boca sediments, which 
with the exception of the basal member are considered to be younger than 
the Cucaracha formation. The thickness varies locally, but averages about 


x0 feet. 


a. Lithology: The Pedro Miguel agglomerate is a group of mediun- 
hard to hard rocks composed of fragmentel volcanic ejecta (Figure 12). 
The dominant constituent is fine- to coarse-textured agglomerate consist- 
ing of small angular fragments to huge blocks of basalt in a sandy to 
tuffaceous matrix. The matrix is often cemented by secondary calcite. 
These rocks were deposited partly on land and partly in water, as is indi- 
cated locally by well-developed bedding and sorting and frequent fossil 
evidence. Interbedded in the agglomerate are beds of hard, black, fine- 
grained, indurated tuff, which often resemble a mudflow type of material. 
Jointing in this formation is usually massive. 


b. Age and Correlation: From its stratigraphic position (above 
the Cucaracha and interbedded in the lower La Boca strata) it is apparent 
that the Pedro Miguel agglomerate represents an epoch of volcanic activity 
corresponding roughly to the time (upper Oligocene) during which the basal 
La Boca beds were deposited. 


28. TO FORMATION: This formation was originally described by 
MacDonald, 2< who considered it to overlie immediately the Emperador lime- 
stone. It is now known that this inference is not correct. Although there 
are many early references to Caimito beds on the Pacific side of the Canal 
Zone, it now seems likely that these rather spotty occurrences will ulti- 
mately be found to belong in either the Culebra or La Boca formations. On 
the Atlantic side, the Caimito extends from Coco Keys to north of Lion Hill 
Island where it is overlain by Atlantic muck. It outcrops in the vicinity 
ef Lion Hill Island and on the tip of Juan Gallegos Island. From Juan 
Gallegos to Abogado Island the Caimito is overlain by Atlantic muck. Cai- 
mito rocks also occur in the reach from Salud Point to Colorado Point and 
from Colorado Point to one-half mile east of the Panama Railroad and in 
the vicinity of the Mandinga River crossing. According te MacDonald, the 
Caimito has a thickness of about 400 feet, but a measurable section of this 
extent has not yet been observed, owing to conditions brought about by flood- 
ing of Gatun Lake and fault complications. The formation may be as much as 
2000 feet thick, but until the section is carefully measured this inference 
cannot be verified. In the Gatun Lake area the Caimite overlies the Bohie 
formation and is overlain by the Gatun beds. Locally it is also overlain 
by basalt and Atlantic muck. 


a. Lithology: The Caimito consists of a series of tuffs, tuff- 
breccias, siltstones, sandstones, conglomerates, and limestones which are 
medium-hard, thinly to thickly bedded, and closely to moderately jointed. 
On the basis of lithology the formation is divisible into basal, middle, 
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and upper phases. The basal phase is a tuffaceous sandstone conglomerate 
of local distribution containing abundant basalt pebbles, cobbles, and 
boulders. This material weathers deeply and fresh outcrops are seldom 
encountered. The middle phase consists of slightly fossiliferous,tuffa- 
ceous sandstones and limestones, and is also local in extent (Figure 13). 
The upper phase is a widely distributed series of tuffs, tuff-breccias, 
and tuffaceous sandstones with occasional sandy limestone beds. 


b. Age and Correlation: Fossils from the Caimito have not been 
sufficiently studied to permit a precise age assignment. However, the 
formation is definitely younger than the Bohio and older than the Gatun 
formation. It is probable that the Caimito represents the age equiva- 
lent of the Culebra, Cucaracha, and perhaps at least the lower part of 
the La Boca formation of the Pacific area. 


29. PANAMA TUFF: The Panama formation was originally described by 
Hershey, who failed to assign an age to it. 18 Excellent exposures can 
be viewed in the Diablo Heights-Albrook Field area (Figure 14), and the 
city of Panama is largely situated on these strata. The Panama tuff is 
now considered to be a unit within the La Boca formation and to repre- 
sent a terrestrial or more tuffaceous marine phase of that formation. 


a. Lithology: The tuffs of the Panama formation are usually 
white or light gray on fresh surfaces, but when exposed for short periods 
weather to buff or light-brown hues. They vary from medium-hard to soft, 
and the component grains range from coarse to fine in texture. Clay 
shales are present in the upper and lower portions. Rounded pumice frag- 
ments are common in the coarse-textured members. 


b. Age and Correlation: The Panama tuff previously has been 
variously assigned to Eocene, Miocene, and Pliocene ages, but in view of 
its known relationships with the La Boca formation it appears to be defi- 
nitely Oligocene, and probably upper Oligocene in age. 


30. GATUN FORMATION: This formation was described under its present 
name by Howe, but many earlier writers had studied the strata and des- 
cribed portions of the series under various names. 2 te Gatun crops out 
only on the Atlantic side of the Isthmus but comprises the widest area of 
continuous exposures of any sedimentary formation in the Canal Zone. A 
water well near Mount Hope encountered more than 1400 feet of Gatun strata. 
In the vicinity of the Panama Sea-Level Conversion Route, the Gatun forma- 
tion extends from the Atlantic entrance to the east bank of Gatun approach 
reach where it is overlain by Atlantic muck, sand, coral boulders, and hy- 
draulic spoil. It extends from the Gatun approach reach to the north shore 


of Gatun Lake and thence to Coco Keys. In the latter area the Gatun is 
overlain by Atlantic muck. / 
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The Gatun is composed largely of medium hard, 
extikinomia” er calcareous, fine-grained sandstones interbedded 
with Pinactentided volcanic tuffs and occasional thin conglomerate beds. 
in the formation is massive and remarkably uniform with individ- 
ual beds attaining thicknesses of 100 feet or more (Figure 15). 


b. Age and Correlation: The Gatun is estimated to contain at 
least 400 species of fossils, all of which have not yet been identified. 
However, paleontological studies have fixed the age of the formation as 
younger than the Caimito and as indisputably middle Miocene. 




















Zl. TORO LIMESTONE: The names "Toro limestone" and "Caribbean lime- 
stone" have been used to describe the deposits of cemented coquina which 
overlie disconformably the Gatun formation in the region between Limon 
Bay and the Chagres River.33 This formation averages about 125 feet in 
thickness. The Toro does not occur in the immediate oe of the 
Panama Sea-Level Conversion Route. 















a. Lithology: The Toro beds consist of massive medium-hard lime- 
stone which is made up largely of cemented shell, barnacle, and coral 
fragments forming a rock often described as coquina (Figure 16). Lentic- 
ular masses of medium- to coarse-grained sandstones, usually of greenish- 
gray color, occur sporadically in the limy beds. The sandstones of this 
formation differ from those of the Gatun in that they lack the predominance 
of volcanic materials which characterize the lower and middle Gatun members. 
The lithologic character of the Toro formation indicates that it is a 
"beach limestone" deposit. 











b. Age and Correlation: A number of fossil species of upper Mio- 
cene affinities have been described from the Toro limestone. 


32, CHAGRES SANDSTONE: This formation was originally described by 
MacDonald, It occurs in much the same areas as the Toro limestone, to 


the west of the Canal, and overlies that formation. Like the Toro, the . 
Chagres formation would not be involved in construction of the sea-level 


canal. The maximum thickness is unknown, but may be as much as 1000 feet 
or more. 




















. @ Lithology: The Chagres beds resemble certain horizons in the 
Gatun formation, the most marked differences being the absence of tuff, 
less abundance of megafossils, and its extremely massive stratification 
(Figure 17). The component grains are mainly feldspar, volcanic glass, 
quartz, occasional dark minerals, and abundant glauconite. Calcareous 
grains derived from shells are commonly present. 










b. Age and Correlation: Fossils from these beds have not been 
thoroughly studied, but it seems probable that the Chagres formation is 
upper Miocene, or possibly lower Pliocene, in age. 
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33. ATLANTIC MUCK: The Atlantic muck was described originally By 
Howe, although it was not specificially designated under this name. 

It is widely distributed in the Gatun Lake area between the north shore 
of the lake and Gamboa. Hills of the Gatun formation protrude through 
the black muck surface, representing islands completely surrounded by 
swamp and estuarine sediments. In the area between Fort Sherman and 
the Gatun spillway and elsewhere, valleys carved into the Toro and 
Chagres formations are likewisd'filled with this material. Depths of 
over 200 feet of muck deposits were found in some of the old borings 

at the site of Gatun Dam. Conditions giving rise to muck deposits have 
been described in paragraph 13. 


Ae ogy: The muck deposits are uniformly soft, are com- 
posed pred of silt-siz ediments, and in their natural state 
of occurrence have a very high sture content. The depositional en- 
vironment varied locally so that four facies are recognizable: (1) the 
border phase adjacent to the contact with older formations consists of 
gray to blue-gray silty clay; (2) the phase deposited in brackish ma- 
rine areas contains an abundance of mollusk shells in an organic black 
silt matrix; (3) the swamp deposit portion of the formation is composed 
largely of black very fine-grained organic materials, wood, and other 
semidecayed vegetable substances intermixed with silt; (4) a soft, light- 
gray or yellow-gray, weak, plastic, probably fluvial clay overlying the 
organic deposits. The four facies intergrade laterally, and sandy lenses 
are present locally. The bedding is essentially horizontal. The surface 
of this formation was raised to its present position in late Pleistocene 
time. 


b. : Abundant mollusks and corals assigned 


Age and Correlation 
to the Pleistocene and Recent are present in the Atlantic muck. 


342 PACIFIC MUCK: A series of wave-cut benches and raised beach or 
shallow water bay deposits occur at varipus localities on the Pacific 
side of the Isthmus above elevations attained by present tides. In the 
channel of the existing Canal from Miraflores Locks south to the Pacific 
entrance, muck deposits were encountered to depths of 40 or more feet. 
The deposits are representative of the latest general uplift, which 
brought the previously described Atlantic mock to its present above-tide 
position. The Pacific mucks are similar in appearance and identical in 
age to the Atlantic Pleistocene deposits. The upward movement indicated 
by the present position of the Atlantic and Pacific mucks may still be 
continuing, although at a very slow rate. 


35. RECENT ALLUVIUM AND BEACH DEPOSITS: Thin recent deposits of sand, 
clay, silt, and gravel are found throughout the Canal Zone. They reach 
their most pronounced development in the broader valleys and stream courses 
which drain the area. With the exception of extensive gravel deposits on 
the Chagres River above Gamboa, which are in part of Pleistocene age, 
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gravel does not constitute an important percentage of the entirety. The 
gravels of the upper Chagres have played an important part in local con- 
struction activities, and enormous quantities of good potential aggregate 
are still available. Within the limits of the Canal Zone there are rela-. 
tively few sand beaches which can be considered as products of recent 
geologic processes. The few that exist are composed mainly of cglcareous 
materials derived from shell fragments. In the Chame-Rio Hato region, 
and to a lesser degree in the Chorrera Bay region on the Pacific Coast, 
excellent beach sands of quartz composition occur. There are few silica 
sand beaches on the Atlantic Coast because of the relative scarcity of 
siliceous rocks and the extensive development of coral reefs, which im- 
part a high percentage of calcareous material to the sands. 


36. IGNEOUS, INTRUSIVE, AND FLOW ROCKS: All formations in the Canal 
Zone older than the Gatun have been intruded by volcanic dikes and sills, 
or contain appreciable quantities of tuff, or other forms of deposited 
volcanic ejecta, indicative of violent eruptive activity. Some of the 
middle members of the Gatun formation and the lower and middle portions 
of the Panama tuff are composed largely of what was originally volcanic 
ash. However, lava flows and igneous intrusions are unknown in the Gatun 
and younger formations. Younger formations, such as the Toro limestone 
and Chagres sandstone, are notably lacking in volcanic ejecta. The as- 
sumption derived from these relationships is that volcanic activity was 
prevalent during the Oligocene and early Miocene, but became practically 
quiescent by the time the Gatun and younger formations were deposited. 
The period represented by deposition of the Pedro Miguel agglomerate was 
one which culminated in the development of flow rocks with a period of 
erosion intervening. The presence of "ring dikes" surrounding the agglom 
erate masses indicate the post-agglomerate age of the latest basalt flows 
and intrusions. The dikes, flows, and sills of dense igneous rocks are 
products of more than one period of activity. This inference is sup- 
ported by differences in the physical character and chemical composition 
of the basaltic rocks, as well as by presence of “old soil" profiles 
along the contacts of successive flow rocks.°? Outside of the Canal Zone 
Pliocene to early Recent volcanic activity is known to have taken place 
in Panama, but there is no evidence of this activity in or close to the 


Canal Zone proper. 


37. BASALT FLOWS AND INTRUSIONS: The widespread occurrence of ba- 
salts which are generally dense, tough, often columnar-jointed and dark 


gray in color, is a noteworthy feature of the Canal Zone. In the region 
south of Empire, basalt is largely responsible for many of the topographic 
eminences. Gold Hill, Zion Hill, Paraiso Hill, Sosa Hill, and many others 
are either largely made up of, or capped by, rock of this character. Hand 
specimens show the basalt to be a very hard rock that ranges from uniform- 
ly fine-grained to porphyritic. In some instances these masses represent 
dikes, sills, plugs, or laccolithic bodies from which the overlying sedi- 
ments have been removed by erosion. 
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38. ANCON HILL RHYOLITE: Ancon Hill is a thick, steeply dipping rhyo- 
lite dike or oblate plug of north-south axial trend. ‘Extensions of the 
rhyolite mass to the south of Ancon Hill are represented by Chorrillo Hill, 
Culebra Island, and Naos Island. The rock of the hill is a dense, porphy- 
ritic, much-jointed, very hard material of light-gray color. A now-aban- 
doned quarry on the southwest flank of the hill was used extensively as a 
source of aggregate during construction of the existing locks. 


39. POINT FARFAN D : At Point Farfan, on the west bank of the 
Canal, a small quarry toe operated at present) has been developed in 
dioritic rock. The rock was developed originally for near-by breakwater 
construction and more recently used as a backfill material at the Balboa 
Naval Base on the west bank of the Canal across from the Balboa docks. 

It is uniformly very hard and grades from coarse-textured near the center 
of the quarry to fine-grained and andesitic near the periphery, relations 
that suggest it to represent either a small neck or an intrusive plug. 






















40. MIRAFLORES BASALT: This body consists of a thick mass of fresh, 
dense, very hard, dark-gray to blue-black igneous rock which has been 
intruded into the moderately dipping La Boca sedimentary beds of the area. 
It represents either a laccolith or a large sill. In general the rock is 
characterized by steeply dipping columar joints (Figure 18). It is ex- 
posed in the excavation for the New Miraflores Locks and is the rock of 
which Cocoli and Aguadulce Hills are composed. The Miraflores basalt is 
well suited for use as aggregate, having been tested in this respect dur- 
ing Third Locks studies. 


41. BRUJA ISLAND DIORITE: A very hard dioritic mass similar to that 
at Point Farfan occurs at the Bruja Island quarry in Gatun Lake. The 
rock is coarse-grained in the central portion of the quarry but becomes 
fine-grained near its contact with the Caimito sediments. It represents 
a massive dike which has cut through, baked, and distorted the adjacent 
Caimito beds that comprise the host rock. 














42. CHIVA CHIVA ANDESITE: The Chiva Chiva andesite is a hard light- 
gray porphyry that occurs as a thick dike or elongated plug, adjacent to 
the Chiva Chiva Road about three miles north of the junction with Gaillard 
Highway. It is in intrusive contact with an agglomerate country rock. 
This andesite is very distinctive in physical appearance due to the pre- 
sence of large crystals of black hornblende in a light-gray finely granu- 
lar groundmass. It has been used extensively as road material in the 
Canal Zone. 





43. SOILS AND WEATHERED ROCK: The depth and character of the soil 
and weathered rock cover are much diversified and are related to the 
topography and type of underlying bedrock. In many instances weathering 
is known to extend to depths of 50 or more feet, while the average depth 
is in the order of 20 to 30 feet. Where hill slopes are steep and the 
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summit areas restricted, there is usually only a rather thin overburden 
on the steeper slopes and summit areas. On the other hand, where slopes 
are relatively gentle and the summit areas are broad, the deepest weather- 
ing is commonly found on the hilltops. As a result of recent uplift, most 
of the drainage channels flow in bedrock; this feature is especially true 
where stream gradients are relatively steep. As is to be expected, clay 
soils predominate in these regions where basic volcanic rocks are present. 
Clays derived from weathering of basalts and agglomerates are usually 
rather stiff and only moderately plastic. 


The Cucaracha formation weathers deeply and fresh outcrops are 
rarely encountered. Weathered rock and overburden resulting from decom- 
position of the clay shales are soft, slippery, locally bentonitic clays. 
The weathered equivalent of the siltstone, sandstone, and conglomerate 
beds consist of silty to sandy clays that are somewhat stronger than the 
clay shale derivatives. Clay overburden and weathered rock zones range 
from a few feet to as much as 75 feet in thickness and average about 30 
feet. Weathered Cucaracha outcrops are usually mottled in various shades 
of red and gray, and are often characterized by the presence of numerous 
siliceous pebbles, which show chalky-white outer surfaces. These pebbles 


are often useful in distinguishing weathered Cucaracha exposures from 
other formations. 


SECTION 3 
GEOLOGIC STRUCTURE 





44. GENERAL FEATURES: In detail, structure of the Canal Zone is ex- 
tremely complex and presents many unique features. In general, geologic 
structures along the alignment of the existing Canal and adjacent areas 
are characterized by a broad, complex, faulted, plunging anticlinal fold 
with relatively minor folding in the flanking Tertiary sedimentary strata. 
Axial trend of the anticline is northeast-southwest, or nearly parallel 
to the coast lines, and the sedimentary formations usually dip toward the 
oceans. The Canal alignment is thus nearly perpendicular to the principal 
structural axis of the Isthmus. Lesser structural features in the Canal 
Zone present a remarkable conformity of alignment. The major faults and 
many of the minor fractures, as well as axes of the folds, are roughly 
parallel in trend. There is a very apparent regional dip of the younger 
sediments away from the central core of the Isthmus, particularly on the 
Caribbean side. This can be largely attributed to the original inclina- 
tion of the bedding caused by deposition on seaward-sloping surfaces 
(initial dip), and subsequent differential compaction in the sedimentary 
beds, which thicken away from the central core of basement rocks. Fold- 
ing and faulting have served to accentuate the anticlinal resemblance of 
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the regional structure, but it is thought that the Isthmus as a whole is 
not in the usual sense a fold resulting from compressive crustal movements. 
57 The broad structural features along the Panama Sea-Level Conversion 
Route are shown in Figures 33 and 34. Earth movements have been recurrent 
and diversified in magnitude since deposition of the oldest rocks known 


in the area, the older formations being usually more folded, faulted, 
and otherwise altered than the younger strata. 


45. FAULTS: A tectonic map of Panama prepared by Terry in 1934 shows 
the major faults to trend mainly a little east of due north.°* Faults 
mapped during the Third Locks exploratory work are predominantly north- 
south in alignment, although deviations of more than 30 degrees to the 
east or west of this trend are not uncommon, In some cases faults of 
approximately east-west strike were noted. Recent broader studies of 
aerial photographs indicate that two additional major trends of fault- 
ing are present; one striking 25 to 30 degrees east of north, the other 
north 30 to 40 degrees west. These major trends may have developed in 
relatively late geologic time and appear to be roughly contemporaneous, 
for in some instances fractures of the first group are offset by those 
of the second, while in other instances the reverse occurs. Faults 
which diverge markedly from the trends of the two major systems may 
represent conjugate fractures caused by the same crustal stresses that 
produced the major features. Actual displacement can be measured in 
only relatively few instances, and varies from over 5000 feet to a very 
small fraction of this amount. Practically all the faults mapped in 
the Canal Zone are of the normal or gravity type; that is, the block 
toward which the fault plane dips has been displaced downward relative 
to the opposite block. Age of the faulting is not known with certainty. 
In some instances, evidence from aerial photographs is suggestive of a 
relatively recent period; whereas ground studies indicate that faulting 
is rare in the Gatun formation and practically unknown in the Chagres 
sandstone or younger beds, thus suggesting a pre-Miocene age for most 
of the faulting. However, the possibility of renewed movements cannot 
be eliminated. Post-Pleistocene folding and faulting are known in the 
Burica region near the Costa Rica border, and it is probable that, this 
crustal deformation affected to some extent the entire Isthmus. 


46. FOLDS: As previously mentioned, folds observed in the Canal 
Zone generally are intimately related to faults and do not appear to be 
the result of lateral compressive forces. Strongly compressed folds 
are uncommon, and steep dips other than those induced by faulting are 
rare. In many instances folded structures appear to have resulted 
mainly from "drag" effects adjacent to faults. This is especially true 
in the area between Gamboa and the Pacific Ocean. However, a few broad 
anticlinal and synclinal folds in the Gatun Lake area appear to have re- 
sulted from warping of the land surface. 
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47. STRUCTURE OF THE HULLS BETWEEN MIRAFLORES LOCKS AND GAMBOA: Some 
rather remarkable geologic structures are found in this area. They con- 
sist of masses of agglomerate and basalt that rest on Cucaracha beds and 
in some instances have apparently sunk into these strata in much the same 
manner as a relatively small but heavy weight sinks into a mass of putty. 
The erosional-resistant basalts and agglomerates tend to form topographic 
highs. Contractor's Hill, Paraiso Hill, and Gold Hill are examples. In 
many instances these features are more or less outlined by faults and 
peripheral masses of basalt, which are referred to as "ring dikes." These 
relations are well illustrated at Contractors and Hodges Hills (Figures 
19 and 20). MacDonald considered these peculiar features to represent 
old volcanic vents in which masses of heavy agglomerate accumulated and 
later sank into the surrounding sediments. This downward movement was 
considered to be the cause of the peripheral faults along which bodies 
of basalt were subsequently intruded, forming the so-called "ring dikes." 
However, widespread distribution of the agglomerate combined with the 
occasional occurrence of plant and marine fossils within this rock il- 
lustrates the unlikelihood that all these rocks were deposited in vol- 
canic vents. It seems more probable that the greater part of the agglom- 
erates was laid down to depths of 500 or more feet on the surface of the 
Cucaracha formation. Subsequent erosion cut through the volcanic rocks 
and into the underlying sediments, thus dividing the volcanics into is- 
land-like remnants which settled, squeezing out the weak Cucaracha beds 
and leading to development of marginal faults. This inference seems sub- 
stantiated by the uniformity with which the Cucaracha beds dip under the 
overlying, and often overhanging, igneous masses. The marginal faults 
became channels which helped to localize later basalt intrusions, in 
some cases forming "ring dikes." It should be noted, however, that Lirio 
Hill, Escobar Hill, and a few other similar features may represent dike 
or laccolithic types of intrusion rather than thick basalt flows. More 
detailed discussions of these and other individual topographic features 
may be found in paragraph 56. 
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SECTION 4 
GEOLOGIC HIS 


48. GENERAL DISCUSSION: Although at present united with both North 
and South America, the Central American region forms a distinct geologic 
province, which has a history considerably different from that of either 
the northern or southern continents, and which was finally united with 
the other two Americas only in the relatively recent geologic past. The 
northern and southern continents are known to have been built up around 
ancient masses of crystalline rocks which are pre-Cambrian in age, and 
some writers profess to see a similar origin for the Central American, 
or Antillean, region. However, the earlier Paleozoic history of Cen- 
tral America is unknown. The oldest rocks known in the region occur in 
Guatemala and Honduras and are overlain by Permian strata. These beds 
have been mapped as pre-Cambrian, but may be as young as early Carboni- 
ferous. In the Guatemala region the Paleozoic rocks are more strongly 
deformed than the overlying Mesozoic strata, which indicates a late 
Paleozoic epoch of diastrophism. None of these events are recorded in 
Panama, where the oldest rocks known are Cretaceous in age and are found 
in the Changuinola River region near the Costa Rican border. Relation 
of the Cretaceous beds to the semi-metamorphosed rocks exposed on the 
Transisthmian Highway and elsewhere near the Canal Zone is unknown, and 
it may be that the former are represented by strata locally found in the 
basement complex. Since upper Eocene beds of the Gatuncillo formation 
are known to lap onto intensely deformed basement rocks, a pre-Eocene 
age seems indicated for the basement complex of Panama. Consequently, 
the known geologic history of the Isthmus is almost entirely limited to 
the Tertiary and Quaternary periods. 


49. SEAWAYS THROUGH THE ISTHMUS: At various epochs in the geologic 
past the Atlantic and Pacific Oceans have been united by seaways, or 
channels which permitted the migration of marine organisms between the 
two oceans. These channels formed a barrier to the passage of land- 
dwelling animals between North and South America. History of the land 
mammals as inferred from fossil remains indicates that the two continents 
were united in the early Eocene, but in the later Eocene they were separa- 
ted by marine embayments and not reunited to the extent that a major inter- 
mingling of land animals was possible until the late Pliocene. The sea- 
ways by which the continents were separated during various Tertiary epochs 
seem to have extended through Colombia, Panama, Costa Rica, and possibly 
the Isthmus of Tehuantepec, in Mexico. The Panama seaway appears to have 
been open from the late Eovane to sometime in the Miocene, but in Pliocene 
time the Pacific margin of the embayment may have already emerged from the 
sea. This “ancient Panama canal" occupied much of the present Canal Zone. 
By the late Pliocene the former embayment seems to have largely disappeared, 
and the land faunas of North and South America’ once more intermingled. 
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The belt of relatively soft sedimentary rocks deposited in the former 
seaway has proved less erosional-resistant than the volcanic rocks of 
other areas in Panama, and is largely responsible for localization of 
the region of lowest elevations through which the present Canal has 
been constructed. 


50. ‘TECTONIC HISTORY: The earliest crustal movements known to have 
occurred in Panama took place prior to the late Eocene, and resulted in 
deformation and alteration of the basement complex. Following this epoch 
of deformation the upper Eocene rocks of the region were deposited. An- 
other period of deformation, probably of latest Eocene age, folded the 
rocks on which the Oligocene sediments were subsequently laid down. 
Deposition was essentially continuous throughout the Oligocene, the only 
known datable diatrophic movement being an upwarping that resulted in a 
minor time lapse between deposition of the marine Culebra and the over- 
lying terrestrial Cucaracha formation. Close of the Oligocene epoch was 
marked by relatively strong crustal movements that raised much of the 
Pacific portion of the Isthmus above sea level. Except for minor warp- 
ings, which gave rise to disconformities within the Gatun formation and 
between it and the Toro limestone, deposition was essentially continuous 
on the Atlantic side during middle Miocene and upper Miocene time. Fault- 
ing and warping movements occurred in the Pleistocene. These were fol- 
lowed by an epoch of subsidence which gave rise to deposition of the 
Atlantic and Pacific mucks. The most recent movement, which may be con- 
tinuing into the present, has been an intermittent slow uplift. 


51. VOLCANIC HISTORY: Although volcanic activity seems to have oc- 
curred intermittently from the earliest geologic period known in the 
region to the early Recent, three fairly well-defined epochs of strong 
volcanic activity can be distinguished in Panama. The earliest of these 
is of early Eocene, or Cretaceous age, and is represented by deposition 
of the now partially metamorphosed tuffs of the basement rocks and in- 
trusion of the San Blas batholith, which consists of granitic, dioritic, 
and more basic rocks. The Las Cascadas and Bas Obispo formations of 
Gaillard Cut bear evidence of an epoch of explosive volcanic activity 
in early Oligocene time which seems to have continued sporadically 
throughout the Oligocene and into the early Miocene. Evidence of this 
activity is the occurrence of igneous or pyroclastic materials in all 
formations older than the Toro limestone. As has been previously men- 
tioned, tuffs are found in the Gatun formation, but the Gatun tuffs 
probably were expelled from a volcanic source some distance from the 
Canal Zone to the southwest. Beds of the Gatun are not known to be 
cut by intrusive bodies. The epoch represented by deposition of the 
Pedro Miguel agglomerate in upper Oligocene time was one which culmi- 
nated in development of flow rocks with an epoch of erosion interven- 
ing. In many instances basalt flows are found capping the agglomerates. 
Presence of "ring dikes" surrounding the agglomerate masses indicates 
the post-agglomerate age of the latest intrusions and flows. The end 
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phase of this period of volcanic activity may have been the upwelling of 
flow rocks and intrusion of younger dikes and sills, whichiare so widely 
distributed within the Tertiary deposits of the Pacific area. As pre- 
viously mentioned, these igneous bodies are probably products of more 
than one period of activity, as is suggested by differences in their 
chemical composition, physical character, and presence of “old soil" 
profiles between successive flows. The latest epoch of volcanic activity 
took place in Pliocene-Pleistocene, and is not recorded in the Canal Zone. 
This activity is witnessed by eroded volcanic necks in the Trinidad region 
west of the town of La Chorrera, the ancient El Valle cone, and by the 
Chiriqui volcano near the Costa Rican border. The latter seems to have 
been the most recently active volcano in Panama, although active volcanoes 
still exist in Costa Rica. The recency of the Chiriqui volcano is indi- 
cated by the presence of cinder cones, fumarolic sulphur, and unadjusted 
drainage features. Indian graves reputedly have been found below the 
latest lava flow. Should this be substantiated, it would constitute evi- 
dence of volcanic activity in prehistoric time. 


52. PHYSLOGRAPHIC HISTORY: There is no definite evidence of the 
character of the land surface which existed within the Canal Zone prior 
to early Miocene time, but subsequent development of the land forms can 
be deduced from a number of existing physiographic features. After the 
close of the period of intense volcanic activity in early Miocene time, 
four epeirogenic movements took place, and the erosional or depositional 
intervals resulting have created the present land forms. There is no 
definitely recognizable remnant of the land surface which existed before 
the first post-Miocene movement, unless it is represented by the dissected 
elevated surface of the Gatun sandstone hills east of Gatun and in the 
area underlain by Chagres sandstone extending between Limon Bay and the 
Chagres River where the tops of existing hills attain an almost’ equal 
maximum elevation of about 300 feet. In the first recognizable movement, 
the central portion of the Isthmus was elevated more than the coast lines, 
and the warped peneplane thus resulting was more deeply dissected in the 
interior than near the Atlantic and Pacific shores. In the vicinity of 
Colon, traces of this movement are preserved in the nearly level sumits 
of the Monkey Hills near Mount Hope, which rise to about 50 feet above 
the interhill swamp flats. The present topography of the Zone was devel- 
oped largely during this period, and the development of the great variety 
of land forms observable in the central and Pacific portions was initiated. 
Their diversity io attributable largely to hardness differentials of the 
heterogeneous rocks underlying the surface. At this time the rejuvenated 
Chagres River commenced to incise its meanders to form the existing sinuous 
canyon near Alhajuela, in which the Madden Dam has been constructed. Here 
the nearly accordant ridge tops represent remanants of a pre-uplift pene- 
plane. In the region now occupied by Gatun Lake, the broad valley of the 
Chagres was widened in the softer sedimentaries, and on the Pacific side 
the valley of the lower Rio Grande was formed. After this period of ero- 
sion had advanced to the extent that the lower valleys of the Chagres and 







LONG-RANGE PROGRAM FOR THE PANAMA CANAL 467 


Rio Grande had reached grade for some distance back from their mouths, a 
second, and more rapid, upwarp occurred, which raised the land more than 
300 feet on the Atlantic side. The streams thus rejuvenated incised their 
previous valleys below the levels reached by former uplifts. While these 
valleys were still comparatively young; that is, steep-sided with sharp 
intervening ridges, the land surface entered a third stage of movement. 
This was a general slow subsidence. The valleys and canyons of the stream 
courses were choked by their own sediments and forced to aggrade. In some 
instances the lower reaches were invaded by the sea, as is witnessed by 
the interlayering of marine deposits with beds of strictly fluviatile na- 
ture in the Atlantic mucks. Based on marine fossils, this period of sub- 
mergence can be assigned to the Pleistocene. The fourth and final move- 
ment, which may be still continuing, was a slow emergence of the drowned 
and sediment-filled river valleys and shore lines. The muck deposits 

were brought to their present level of a few feet above tide, and the 
wave~notched benches and wave-planed islands of the Pacific side were 
raised to their existing elevations. 


PART V 
SLOPES FOR CANAL CUTS 


53. EXISTING CANAL : The Panama Canal has played an important 
part in the evolution of present views concerning the natures, origin, 
and control of landslides. Slopes for the existing Canal were established 
at three vertical on two horizontal for all depths of cut and all types of 


rock involved. Because of the unexpectedly weak character of materials 
encountered this arbitrary slope design proved to be too steep for deep 

cuts and disastrous slides resulted. A lack of understanding of the nature 
of these slides led initially to the belief that, rather than flatten slopes, 
it was more economical to permit them to develop and then excavate the mov- 
ing material from the toe of the cut until stabilization was reached. How- 
ever, MacDonald and later investigators, in studying the origin of the 
slides, discovered that once a slope had started to fail the material in- 
volved became progressively weaker and finally assumed a much flatter slope 
angle than that required for stability previous to initial failure. Mac- 
Donald's investigations and studies after his appointment as resident geolo- 
gist were too late to provide important results leading to remedial action, 
for by that time the slides were largely beyond control. The report of the 
National Academy of Sciences Committee is likewise in the nature of a "post 
mortem" examination.40 However, the work of MacDonald and the Committee 

was of great value in forming the present conception of the origin, nature, 
and prevention of slides in deep cuts; that is, slides can and should be 
prevented from developing in excavations by proper design of slopes. 
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54. THIRD LOCKS STUDIES: Upon his return to the Isthmus as Consultant 
Geologist for the Third Locks Project, MacDonald continued his studies of 
Panama Canal slides, and investigated highway and railroad cuts as well as 































s. 
natural exposures in the vicinity of the Canal with a view to establishing - 
stable and economical slopes for the various rock types and depths of cut. - 
Results of these studies were ort. posthumously by the Special Engi- devo 
neering Division of The Panama Canal.3’ MacDonald classified the Panama sect 
Canal slides into the following types: (a) deep deformation, (b) struc- hill 
tural, (c) mudflow, and (d) combination. Slides of the first type occur mate 
when a cut is opened to a depth where stresses imposed by the weight of hare 
the bank exceeds the shearing strength of the material through which the unu: 
cut is made. Under idealized conditions where homogeneous material is strt 
assumed, such slides are dependent upon the height and slope of bank and dee 
shearing strength of the material. In practice, however, the influence and 
of geologic structure is also an important factor. The East and West tan 
Culebra slides are examples. Structural slides are caused by local geo- the 
logic features such as bedded sediments dipping toward the canal axis, as 
the presence of faults, shear zones, slickensides, and related phenomena. 

They are typified by the La Pita and Whitehouse slides that occurred dur- 
ing construction of the present Canal. Mudflows may occur where a mass Sea 
of water-lubricated, very fine-grained materials rests on a surface slop- Mig 
ing toward the cut. The Cucaracha slide is a typical example. As the est 
name implies, combination slides are caused by a combination of two or thé 
more of the preceding types. During the Third Locks investigations, 37 
MacDonald, in cooperation with the Soil Mechanics Section of the Special 
Engineering Division and Consultants, established slopes for the various 
formations present at the locks and along the approach channels for cuts Se 
up to 250 feet deep. Excavation slopes for the New Gatun and Miraflores Pe 
Locks and their approach channels, designed on this basis, are standing ma 
after more than four years with no sign of failure other than a minor of 
amount of sloughing and rock spalling. fl 
st 
55. SLOPES USED FOR ESTIMATES DURING STUDIES UNDER PUBLIC LAW 280: pt 
In the present studies, a similar program of field and laboratory investi- 
gations was undertaken to establish criteria for the design of safe eco- 
nomic slopes for rock units situated along the Panama Sea-Level Conversion P 
Route. Results of these investigations,including slopes for cuts up to P 
700 feet deep in various Canal Zone formations, are described in Appendix 2 
12. Slope designs for the Atlantic and Pacific mucks and the Culebra and f 
Cucaracha formations were established through analyses made by the Soils 0 
and Foundations Section of the Special Engineering Division, The Panama t 
Canal. Empirical designs were established for slopes in the remaining ‘ 
rock types after a study of natural slopes in these materials to obtain t 
; 


indications of their apparent strength. It is to be expected, however, 
that restricted areas of greater weakness caused by structural conditions 
are present which may not be located in advance of excavation. Consequent- 
ly, minor modifications in the application of slope design will probably 
be needed upon more detailed exploration, and in some instances as the 
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rock is opened to view by excavation. A broad geologic investigation and 
a detailed drilling program prior to the final station-by-station design 
of slopes will reduce unknown geologic factors to a minimum. 


56. INVESTIGATION OF HILLS IN CUT AREA: Particular attention was 
devoted to the basalt- and agglomerate-capped hills in the Pedro Miguel 
section of the Continental Divide. The structural relationships of these 
hill-forming hard basalts and agglomerates to adjacent or underlying softer 
materials such as the weak Cucaracha beds, are of great importance. Where 
hard, highly shear-resistant rocks extend well below excavation grade, no 
unusual engineering problems are presented. However, experience in con- 
struction of the existing Canal has demonstrated that in cases where a 
deep cut is opened in a competent rock mass underlain by a weak formation 
and their contact is above the bottom of the cut or within limited dis- 
tances below, severe slides may result unless due consideration is given 


these factors. Geologic structure of the principal hills investigated is 
as follows: 


a. Nitro Hill. This hill is situated northeast of the Panama 
Sea-Level Conversion Route, approximately 1-1/2 miles northwest of Pedro 
Miguel Locks (Figure 32). Drilling and surface geological evidence have 
established that Nitro Hill is a deep-seated volcanic intrusion of a type 
T will present no special difficulties to canal construction (Figure 
37). 


b. Escobar Hill. This hill is located southwest of the Panama 
Sea-Level Conversion Route and is approximately two miles northwest of 
Pedro Miguel Locks. Geologic mapping and core drilling indicate that the 
main portion of Escobar Hill is a long basalt dike. A southern extension 
of the hill is capped by agglomerate over the Cucaracha beds. On the east 
flanks of the main ridge the contact of the Cucaracha and basalt dips 
steeply under the hill and, except for its southern extension, no special 
precautions in slope design are indicated (Figure 37). 


c. Contractors Hill. This hill is situated southwest of the 
Panama Sea-Level Conversion Route, at a point 2-1/2 miles northwest of 
Pedro Miguel Locks. The structure of this hill is shown in Figures 19, 
20, 34 and 37. It consists essentially of a large mass of agglomerate 
faulted down into Cucaracha beds. A drill hole located on the north side 
of the hill penetrated to elevation -100 without encountering anything 
but sound agglomerate, while another hole on the east side was drilled to 
elevation -210 without encountering the base of the competent mass. It 
thus appears that Contractors Hill is largely a stable, deeply seated 
feature that should present no undue difficulty to canal construction. 


d. Hodges Hill. This hill lies southwest of the selected route, 
approximately one-half mile northwest of Contractors Hill, and like the 
latter consists of agglomerate faulted down into Cucaracha beds. The 
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contact between the agglomerate and Cucaracha dips steeply away from the 
center line of the existing Canal and into the hill, producing a slight 
overhang of agglomerate on Cucaracha. The base of the agglomerate is 

known to extend downward beneath the center of the hill at least to ele- 
vation -200. A thick basalt "ring dike" is present -on the east side of 
the hill. The hill is well founded and should present no special problem 
of slope design (Figures 34 and 36). 


e. Gold Hill: This hill is situated on the northeast side of 
the selected canal route opposite Contractors Hil and is composed of 
agglomerate capped by basalt (Figure 37). It is pounded on three sides 
by fault contacts with the Cucaracha beds. A drill hole was slanted 
down under the south side of the hill to elevation -171 without encoun- 
tering the base of the agglomerate mass. Another hole was drilled from 
the north side at an angle of 51 degrees and penetrated the hill to a. - 
point opposite Panama Canal Station 179700 to about elevation -200. No 
Cucaracha strata were encountered, and it thus appears that Gold Hill, 
like Contractors Hill, may be regarded as a stable, deeply founded mass. 


f. rio Hill: This hill is on the southwest side of the Canal 
approximately half way between Contractors and Hodges Hills. The core of 
this hill is thought to represent a roughly north-south trending basalt 
dike which has locally mushroomed out over the surrounding Cucaracha beds. 
Since the main portion of the hill seems to be composed of deep-seated 
competent rock, only the overhanging north portion would give rise to 
special construction problems. 











‘STHMIAN CANAL STUDIES ~ 1947 




























g- Zion : This hill is located southwest of the selected 
route and just north of Lirio Hill (Figure 32). It is an extension of 
the Lirio Hill basalt mass from which it is separated by a low saddle. 
The northern half of the Zion Hill columnar-jointed basalt mass has been 
broken off and removed by the west Culebra slide. As shown in Figures 
21 and 36, the remaining portion consists of basalt resting on Cucaracha 
beds. The basalt-Cucaracha contact is located at about elevation 85. 
Zion Hill presents a definite slide hazard and would require special 
consideration in slope design. 










h. Paraiso Hill: The Panama Sea-Level Conversion Route passes 
close to the northeastern flank of this hill. As shown in Figure 34 and 
37, Paraiso Hill consists of agglomerates and basalts overlying Cucaracha 
sediments. On the east flank of the hill, sound agglomerate extends to 
a depth well below elevation -60; while on the west side agglomerate rests 
on Cucaracha at elevation 110, resulting in a situation similar to that 
presented by Zion Hill. 


i ee 












i. Gordo Hill: This hill has an elevation of over 900 feet and 
forms one of the highest portions of the Continental Divide within the 
Canal Zone. Its summit is southwest of the selected route and about one 
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mile west of Lirio Hill (Figures 32 and 36). Details of its structure 
have not yet been determined, but it is known that on the northwest slope 
the contact between the Cucaracha formation and overlying basalt dips 
steeply into the hill. Core drilling indicates that on the east flank 

a fault contact exists between Cucaracha and the hard rock (basalt and 
agglomerate) that forms the summit of the hill. It is probable that 
detailed investigation would indicate the necessity for special slope 
design treatment in this area. 


PART 


FOUNDATIONS FOR APPURTENANT STRUCTURES 


57. TIDAL-REGULATING STRUCTURES: The site of the tidal lock and 
navigable pass is west of the existing Miraflores Locks. The geology 
of this area is described in detail in the Third Locks report, and is 
only briefly reviewed herein.°8 As is shown in Figures 23 and 34, the 
area is underlain by a sill of columnar basalt, intruded into the La 
Boca shales and sandstones. On the northern boundary of the sill the 
contact of the basalt with the underlying sedimentary rocks dips steeply 
toward the southeast; while on the eastern margin of the sill, the dip 
is toward the southwest. The Miraflores fault crosses the area in a 
generally north-south direction. This fault is of the normal, or grav- 
ity, type and has a displacement of over 700 feet with the downthrown 
block to the east. Movement. has taken place along a number of separate 
planes forming a nearly vertical sheared zone. A fault of at least 200 
feet of displacement, called the Aguadulce fault, crosses the area in a 
north 50 degrees east direction. Like the Miraflores fault, the Agua- 
dulce fault is composed of multiple planes of movement that have given 
rise to zones of broken, crushed, slickensided, and chloritized rock 
within the fault zone. Sympathetic and conjugate fracture zones extend 
for some distance on either side of the Aguadulce fault. There is no 
evidence that the Aguadulce or Miraflores faults have been active in 
recent geologic time. Compression tests indicate an allowable bearing 
strength of 15 tons per square foot for the La Boca strata, and more 
than 50 tons per square foot for sound basalt. Since no part of the 
tidal lock will cross the Miraflores fault, the only foundation problem 
caused by faulting is the relatively minor one presented by the zones 
of broken rock along the Aguadulce fault and conjugate fractures. Where 
necessary, grouting should provide effective treatment for any open 
fractures in the broken zones. 








474 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 






58. A DAM AND APPURTENANT STRU : The proposed flood-control 
structures on the Chagres River at Gamboa consist of an embankment, a de- 
tached spillway, and an auxiliary discharge tunnel. 











a. Embankment: The embankment crosses the Chagres River arm of 
Gatun Lake 1200 feet northeast of the Chagres River bridge. Bedrock ex- 
posed above the present lake level, at the dam site, consists of Bas 
Obispo agglomerate, Las Cascadas agglomeratic tuff, and intrusive basalt. 
These rocks are virtually impermeable, and have relatively high bearing 
strengths (Figure 22). Soil and overburden average about 10 feet in 
thickness. Underlying the overburden is a zone of weathered rock that 
varies in thickness from about 20 feet in the agglomerate to 40 feet in 
the Las Cascadas formation. Borings indicate that the Chagres River 
channel is underlain by about 50 feet of gravel with bedrock at, or 
slightly below, sea level for a distance of about 400 feet along the 
axis of the dam. The gravel is interbedded with sand, silt, and rela- 
tively minor quantities of clay, all of which form a part of the Chagres 
alluvium. Bearing strength of the Chagres gravel and alluvium is not 
known accurately, but it is strong enough to support a broad-section em- 
bankment structure of the type planned. It is believed that some of the 
gravel lenses are highly permeable, and accordingly an impervious cut-off 
to bedrock, or other appropriate measures to prevent possible dangerous 
piping in the foundation and excessive reservoir seepage, will be neces- 


sary. Approximately 15 feet of recently deposited soft silt and clay 
overlies the river gravels. 
















b. Spillway: The proposed Gamboa Spillway is situated in the 
saddle east of Obispo High at the site of the Canal Zone Penitentiary, 
as indicated in Figure 25. Sound agglomerate of the Bas Obispo forma- 
tion lies within a few feet of the ground surface on each side of the 
saddle. This material is one of the stronger rock types present along 
the Canal. The saddle is believed to be the result of erosion along a 
fault zone which extends for a considerable distance to the northeast 
and southwest from this locality. Detailed core drilling would be neces- 
sary prior to design of the structure to determine the character of the 
material in this zone, and it may be found that rather deep stripping 
would be required to reach materials suitable for foundation purposes. 
A grout cut-off across the fault zone may be founa necessary to prevent 
undercirculation. The fault is inactive and in so far as future movement 
is concerned presents no threat to the stability of structures built 
across it. Foundation requirements for the proposed low concrete control 
weir are not critical. 
















c. Auxiliary Discharge Tunnel: The auxiliary discharge tunnel 
alignment lies midway between the left abutment of the Gamboa Dam and 


the detached spillway site. The tunnel would have a diameter of 38 feet 
and a length of 1000 feet. Invert elevations vary from approximately 
55 at the intake portal to approximately 25 at the discharge portal. 


oth 
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As is shown in Figure 25, che tunnel would be excavated through hard, sound 
agglomerate of the Bas Obispo formation. This rock can be drilled compar- 
atively fast, and moderately heavy to heavy blasting would be required for 
its excavation. Near-by core holes indicate that the agglomerate is gen- 
erally tightly jointed. However, minor faults and fracture zones sympathetic 
to the fault at the spillway site may be encountered. In this event, short 
sections may require fairly heavy supports. Except for such zones, it is 
believed that the greater part of the tunnel would require no support. 


59. CHAGRES DIVERSION: The terrain traversed by the Chagres Diversion 
Channel alignment is underlain by units of the Caimito and Gatuncillo for- 
mations, and the pre-Tertiary complex (Figures 24 and 26). These forma- 
tions consist primarily of medium-hard and hard rock types. Light to 
moderate blasting would be required for their removal. Except where frac- 
tured or faulted, these formations are relatively impervious. Unweathered 
rocks of these units have high bearing strengths and would stand on steep 
excavation slopes for the depths of cut proposed. 


a. Diversion Channel: The proposed course of the diversion takes 
advantage of natural drainage channels or topographic lows and follows the 
valleys of the Frijol River, Quebrada Juan Gallegos, and Quebrada La Chi- 
nilla along reaches believed to be surface expressions of buried faults. 
Consequently, channel excavation may expose sheared and fractured zones 
which may give rise to seepage losses. The faults are inactive, and since 
the possibility of seepage losses is of little concern, they should present 
no engineering problems other than those related to excavation slopes. 


b. Diversion Tunnel: Along the intake tunnel alignment and ex- 
tending as far as the vicinity of Station 31, agglomerate, hard blocky 
jointed basalt, and felsite of the pre-Tertiary complex underlie the sur- 
face mantle of residual clays, which ranges up to 35 feet or more in thick- 
ness. Core borings and surface indications show that these strong materials 
extend to great depth and should be encountered at tunnel grade (elevation 
55) throughout this section. In the portal-approach cuts the rock should 
stand on nearly vertical slopes, and its resistance to erosion is probably 
superior to that of good quality concrete. These rocks are moderately 
hard to drill and would require heavy blasting. Except locally where fault 
zones may be encountered, it is not anticipated that heavy tunnel supports 
would be required. However, because of the large diameter of the bore and 
the blocky character of the wall rocks, it may be found necessary to pro- 
vide light support throughout most of the tunnel length in order to pro- 
tect against spalling and rock falls. The jointed character of the country 
rock may result in considerable overbreak. Since the proposed tunnel in- 
vert is estimated to be about 100 feet below the hydrostatic level, ground- 
water seepage from open joints and fractured zones is to be expected. How- 
ever, these inflows should not be sufficient to give rise to serious trouble. 
It would be necessary to provide weep holes through the tunnel lining in 
order to relieve external hydrostatic pressures which might otherwise prove 
objectionable. In general, geological conditions at this site appear favor- 
able for tunnel construction. 


- Sim 
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c. Weirs: The proposed weir near Station 372+00 occupies a sad- 























dle underlain by soft siltstone of the Gatuncillo formation (Figure 26). - 
Overburden and weathered rock are 25 to 30 feet thick, and at invert depth Th 
(55 feet or more below the ground surface), sound rock can be expected. in 
The weir at Station 678+50 is to be located in an area underlain by medium ber 
hard Gatuncillo limestone. Sound rock occurs at foundation grade. A bal 
drill hole at this locality lost up to 90 percent of the circulated drill- 
ing water, probably as a result of seepage through open joints and frac- 
tures. Similar conditions may exist under the proposed structure founda- th: 
tion, but this should have little influence on the quality of the site sh 
for its proposed usage. ab 
60. MONTE LIRIO DAM SITE: The proposed Monte Lirio Dam Site follows 
the present Panama Railroad alignment for approximately 27,000 feet from is 
the north shore of Gatun Lake near Fort Davis, past the north side of (F 
Juan Gallegos Island, to the mainland north of the Bohio Peninsula (Figure ci 
24). North of Juan Gallegos Island, the Monte Lirio Dam alignment par- th 
allels the railroad fill, which is founded on lake-bottom material of pe 
undetermined character, but known to consist in part of Atlantic muck tT 
deposits. The foundation conditions shown in Figure 25 have been esti- uu 
mated from field observations and extrapolation from drill holes in the st 
area. Extensive additional core drilling to depths ranging from 100 to m 
200 feet would be necessary to delineate accurately sound rock profiles a 
and to determine the character and depth of the submerged overburden in s 
this section of the alignment. b 
Between Juan Gallegos Island and Bohio ridge, the alignment ¢ 







crosses a number of small islands and intervening shallow channels. 
Locally this section is underlain by 180 or more feet of Atlantic muck 
and about 8 feet of alluvial sand and gravel resting on the Gatun forma- 
tion. The Atlantic muck is a weak, water-saturated deposit of organic 
clays, silts, and sands, which has been described in paragraph 33. Ex- 
perience gained during the construction of the Panama Railroad and other 
embankments on this material indicates that the fill materials settle 
relatively deep into the muck before coming to rest. 
















Over one-third of the total length of the alignment passes 
through islands, all of which are composed of strong, relatively imper- 
vious rocks. The west side of Bohio ridge, Juan Gallegos Island, the 
mainland near Fort Davis, and the islands intervening along the railroad 
are composed of sandstone, sandstone-conglomerate, and tuff of the Caimito 
and Gatun formations, all of which are relatively impervious in both weath- 
ered and sound phases. One island is formed by a basalt dike. 


—_— a 





Several fault zones are crossed by the proposed Monte Lirio Dam 
alignment. The rocks cut by these faults are tuffaceous sediments of 

the Gatun and Caimito formations. Approximately one-half mile north of 
Quebrancha a railroad cut exposes shear planes offsetting tuffaceous 
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sediments that are typical of these formations. The shear planes are re- 
cemented with calcareous material and appear to be virtually impermeable. 
Thus, it is unlikely that open fracturing exists along any of the faults 
in question. Field relationships indicate that these faults have long 
been inactive, and would offer no obstacle to the construction of an em- 
bankment of the type planned. 


The presence of Atlantic muck may cause foundation problems along 
the portions of the alignment between Juan Gallegos Island and the north 
shore of Gatun Lake. Otherwise the proposed site is geologically favor- 
able. 


61. MONTE LIRIO SPILLWAY AND DIVERSION: This proposed spillway site 
is located on sandstone, siltstone, and tuff of the Gatun formation 
(Figure 25), the strata of which are relatively impermeable and suffi- 
ciently competent to support a spillway of the type planned. Rocks of 
the Gatun formation have been assigned a bearing strength of 20 tons 
per square foot as a result of Third Locks field and laboratory tests. 
The approach channel and most of the site for the spillway channel are 
likewise underlain by rocks of the Gatun formation, except at a few 
short intervals at the north end of the spillway: channel where Atlantic 
muck and coral occur. In the vicinity of Las Minas Bay, coral reefs 
are known to be present along the proposed channel. This coral will 
stand normally on fairly steep slopes and requires light to moderate 
blasting for excavation. Suitable foundation is present at the spill- 
way site and in general there appear to be no unfavorable geologic 
features along this spillway and diversion location. 


62. ‘TRINIDAD AND CANO D AND_SPILLWAY: The Trinidad 


and Cafio Quebrado dams comprise the impounding structures of the West 
Diversion flood-control systems. They would provide closures from 
Gatun to Barro Colorado Island. 


a. Trinidad Dams. The Trinidad dams would extend from Gatun 
Dam through the Guarapo and Tigre Islands to Barro Colorado Island; 
the Cafio Quebrado portion would extend from Barro Colorado Island 
through Barbacoas Island and the mainland north of Darien to Mamei 
Point (Figure 24). Distribution of geologic formations along the 
alignments is indicated in Figure 27. The boundaries and thicknesses 
of the Atlantic muck are only approximate and have been estimated from 
contours drawn prior to flooding the Gatun Lake basin and such data 
as have become available during the current drilling program. The 
Atlantic muck and river alluvium interfinger, and a precise delinea- 
tion between the two would be possible only by extensive additional 
core drilling. Consequently, no attempt has been made to differentiate 
between Atlantic muck, Chagres alluvium and gravel, and lake-bottom de- 
posits. However, more alluvial material is intercalated in the muck at 
Cafio Quebrado than at the site of the Trinidad dam. A subaqueous spoil 
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area about 1000 yards wide lies between Barbacoas Island and the existing 
Canal. In general, promontories rising above elevation 20 are former 
hills that have become islands of rock protruding above the muck swamps. 
The north end of Trinidad dam would abut on the fill of Gatun Dam. The 
fill material of Gatun Dam was placed partly on Atlantic muck and partly 
on bedded siltstones, sandstones, and tuffs of the Gatun formation. The 
weathered zone of the Gatun formation averages about 30 feet in thickness. 
The sound-rock phases are massively and tightly jointed, and the formation 
is virtually impermeable. The alignment of the dam trends southeast across 
Guarapo Island, which is composed of Gatun siltstones and sandstones, 
thence across muck-filled lows and islands of the Caimito formation to 
Barro Colorado Island. On the northwest side of Barro Colorado the Trini- 
dad dam would abut against strong sandstone and sandstone-conglomerate of 
the Bohio formation. These rocks are well indurated, impermeable, and 
have a weathered zone averaging eight feet in thickness, but locally ex- 
ceeding 20 feet. 





b. ebr: : The Caio Quebrado dam between Barro 
Colorado Island and Barbacoas Island would abut at both ends against a 
thick mantle of silty clay underlain basalt flows of undetermined 
thickness. Tuff of the Caimito formation underlies the basalt. From 
the east side of Barbacoas Island through an intervening unnamed island 
to the mainland, the alignment is on firm, rather deeply weathered tuff 
of the Caimito formation, which dips westward at a moderate angle. The 
section crossing the existing Canal at Mamei Curve is underlain by Chagres 
alluvium at the channel section, by sandstone-conglomerate of the Bohio 
formation on the northwest abutmbnt, and by tuffaceous sandstone of the 
Caimito formation on the southeagt abutment. An igneous dike transects 
Mamei Point on the west bank of the Canal, and the proposed dam would in 
part abut against this dike. The foundations would be suitable for em- 
bankment construction. 
















c. Trinidad Spillway: The proposed spillway alignment crosses 
Gatun Dam near its west abutment. The dam at this point is composed of 
spoil material placed on rock of the Gatun formation (Figures 2, and 27). 
The only subsurface information available is from records of wash borings 
completed in 1905 and succeeding years to investigate the foundation for 
Gatun Dam. A number of core borings would be necessary in the design 
phase to delineate accurately the sound rock surface at the proposed 
spillway site. Based on available data, top of sound rock along the 
spillway lip is estimated to range from elevation 60 at the southeast 
side to elevation 120 at the northwest side. Therefore, sound rock is 
to be expected at proposed invert elevation 55. The bedrock consists of 
siltstones, sandstones, and tuffs of the Gatun formation that are suffi- 
ciently strong to support a spillway of the type planned. 
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d. Faults Crossing Damgiteg: Several faults cross the axis 
alignment of the proposed Trinidad and Cafio Quebrado dams. On the basis 
of preliminary studies, the faults are classified as inactive, and they 
affect only the generally deeply buried bedrock underlying the muck. 
These faults therefore would have no important bearing on feasibility 
of the aites. The mck is deeper and more extensive along the align- 
ments of the Trinidad and Cafio Quebrado dams than at the Monte Lirio 
site. Analysis of the stability of embankments on muck foundations is 
contained in Appendix 12. 


63. te ee ANE The proposed tunnel alignment crosses 
the sel canal route near Station 2083 and extends southwest from 
Coresal to a point near the Naval Hospital (Figure 38). The structure 
is to be a two-lane vehicular tunnel. The proposed construction methods 
include placing the concrete tunnel in an open cut and backfilling to the 
desired final ground level. Two core holes drilled to below the proposed 
invert elevation, several shallower holes drilled during the Third Locks 
investigation, and eight hand-auger holes provide the available geologic 
information. Overburden, including hydraulic fill, Pacific muck, and 
weathered rock, extends as deep as elevation -50 where the tunnel align- 
ment crosses the existing Canal and the Miraflores Third Locks cut. 
Northeast of the present canal, top of sound rock is near elevation -35; 
southwest of the Miraflores Third Locks cut, the sound rock surface rises 
progressively to elevation -18 at the southwest tunnel portal. The ap- 
proximate top of sound rock is indicated in Pigure 38. Sound rock coa- 
prises two distinct types of material: shale of the La Boca formation 
and basalt. Their contact passes near the center line of the Miraflores 
Third Locks cut. The La Boca shale is a medium-hard impermeable rock 
which has been assigned a safe bearing strength of 15 tons per square 


foot. It could be excavated economically with only light blasting. The 
basalt is a very hard and strong rock which would require heavy blasting 
for excavation. It is dense and impermeable when unfractured; however, 
additional exploration may reveal the presence of appreciable fracturing. 
If open fracturing is found, grouting would be necessary to prevent ex- 
cessive leakage into the excavations. The rock is suitable for founda- 
tions for the proposed construction. 


PAR I 
VATION CHARA 


64. GENERAL: Range of hardnesses and excavation characteristics of 
formations occurring along the Panama Sea-Level Conversion Route are sum- 
marized in Table 3. The excavation quantities for the various types of 
materials in the proposed canal are also contained in this table. 
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65. ROCK EXCAVATION: Estimated excavation characteristics of the 
various rock types occurring along the route are shown in Figure 22. 
Table 2 shows the percentages of various rock types occurring in the 
formations involved. Although consisting predominantly of soft rocks, 
the clay shales of the Cucaracha formation are fairly tough and may 
require light blasting. Presence of abundant slickensides insures 
that the clay shales would break into small blocks and fragments, and 
drill holes could doubtlessly be widely spaced. The "ash flow" member 
is classifiable as hard rock, but its general highly jointed condition 
should obviate the need for heavy blasting. The shaly phases of the 
Culebra formation will break into small fragments and a wide spacing 
of drill holes would suffice if blasting is needed. Thick limestone 
beds in this formation may require closely spaced drill holes (10 to 
20 feet apart) and heavy blasting. The La Boca beds usually contain 
abundant shale partings, and should break into small fragments with 
only widely spaced shot holes. The Caimito tuffs and conglomerates 
should require no more than a moderate spacing of drill holes (15 to 
25 feet apart) in order to break into easily removable blocks. How- 
ever, the harder and thicker limestone beds in this formation probably 
would require more closely spaced shot holes and moderate to heavy 
blasting. Medium and thinly bedded phases of the Gatun formation 
should break up satisfactorily with widely spaced drill holes (20 to 
30 feet apart), but some of the more massive beds of considerable 
thickness would require more closely spaced drilling. Recently the 
suction dredge Mindi, equipped with a cutter head, has successfully 
removed large quantities of Gatun sandstone without the use of ex- 
plosives. With equipment available during Third Locks excavation, 

it was found economical to use light blasting for removal of the Gatun 
strata. The tuffs of the Las Cascadas formation are fairly soft but 
tough rocks, and probably would require moderate spacing and loading 
of shot holes. Nearly all the basalt is very hard and would necessi- 
tate comparatively heavy blasting for excavation. This rock is gen- 
erally well jointed and should break into relatively small blocks, 
thus reducing secondary blasting and plugging requirements to a mini- 
mum. The Pedro Miguel agglomerate, Bas Obispo formation, and some of 
the units in the Bohio formation are fairly strong, tough rocks with 
massive jointing. Consequently, systematic drilling and blasting would 
be necessary for their removal. These rocks will drill easier than ba- 


salt and should require somewhat less explosive per cubic yard for break- 


age to size suitable for handling by the large equipment planned. 
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PART VIII 
EARTHQUAKE HAZARDS 
























66. GENERAL PRINCIPLES: Geology and seismology have not progressed 
sufficiently to permit the prediction of the exact time that an earth- 
quake will occur. However, for any area where records dating back for 
a sufficient length of time are available, earthquake risks can be eval- 
uated for a period comparable to the life of most engineering structures. 
The methods employed are: a study of historic records, analysis of data 
obtained from seismograph records, detailed geologic study and mapping, 

examination of earthquake damage to ancient buildings and other struc- 

tures which may still survive, and application of the following princi- 

ples: 





With few exceptions which result mainly from volcanic explosions, 
disastrous earthquakes are caused by the sudden release of energy stored 
elastically in the rocks bordering a fault or a fault zone. Movements 
causing an earthqueke are usually in the nature of readjustment or "elas- 
tic rebound" between the two deformed blocks, as a result of which the 
rocks return to a position of less strain. It follows that stresses pro- 
ducing an earthquake are accumulated over a considerable period of time, 
the violence and frequency of earthquakes being dependent upon the 
strength of the materials involved and the rate of the deforming crustal 
movements. This so-called "elastic rebound" theory was developed by the 
commission that investigated pe oon Francisco earthquake and has sub- 
sequently found wide acceptance. On the basis of this theory the fol- 
lowing deductions are possible. (a) The portion of a fault plane that 
slips during an earthquake is usually small in comparison with the total 
length, and movement is greatest at a single point away from which it 
diminishes in all directions. (b) Almost nothing is definitely known 
concerning ultimate causes producing earth movements resulting in earth- 
quakes, except that tiey are usually on a grand scale and act in a very 
slow and uniform manner. (c) The frequent occurrence of small earth- 
quakes, or tremors, results in relief of stresses which are being built 

up along a deformed block and acts as an “escape valve". (d) It has been 
pointed out that the violence of earthquakes known to have occurred in 

any given area is a measure of the strength and elastic properties of the 
rocks underlying the region, 94 Thus in any area where reliable earthquake 
records extending over many years are available, the future occurrence of 
shocks of greater violence than those reported in the past is improbable. 
Experience indicates that in case of the most violent shocks the area of 

er damage is small, usually within a 50-mile radius from the epicen- 
ter. 
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67. HISTORICAL RECORD OF EARTHQUAKES IN PANAMA: De Ballore has com- 
piled a fairly complete record of earthquakes which have visited Panama 
from the time of the Spanish conquest up to 1886.* In this long period, 
only two, or possibly three, fairly severe shocks were noted. One in 
1621 destroyed several buildings in the city of Panama, the other in 
1882 damaged several buildings and bridges and locally threw the Panama 
Railroad tracks out of alignment. According to the observer, however, 
the shock of 1882 was felt on both the Atlantic and Pacific sides of the 
Isthmus and was of great violence, especially in the Colon area.41 

De Ballore makes no mention of the oaythquake of 1516 which is reported 
to have occurred in the Chame region.~ Two fairly heavy shocks were felt 
in the Canal Zone in October 1913, but they did no appreciable damage to 
canal structures. The historical record is somewhat incomplete and may 
be inaccurate, but it seems reasonably certain that in over 400 years, 
with the possible exception of the shock of 1882, no really violent 
earthquake has occurred in the Canal Zone. 

























68. SEISMOGRAPH RECORD: The second French Canal Company installed 
seismpgraphis in Ancon in September 1900. Operation of these instruments 
was intermittent, but partial records are available until 1904. In 1908 
the Panama Oanal installed two sets of Bosch-Qmori horizontal-pendulun, 
mechanical-registering instruments. In 1932 a photographic-registering, 
two-component Wood-Anderson seismograph was installed at Balboa Heights 
replacing thie Bosch-Omori machines. The 'Wood-Anderson instrument is very 
sensitive, and since its installation more earthquakes of light intensity 
have been registered than formerly. The seismograph records of earth- 
quakes occurring from 1909 to 1946 are summarized in Table 4. In the 
period 1909 to 1919, 32 percent of the earth es recorded had their 
epicenters within 200 miles of Balboa Heights. In the: period 1934 to 
1939, 31 percent originated within 250 miles from the recording station. 
The nearest shock recorded had its epicenter at a distance of 10 miles, 
and the nearest shock felt, at a distance of 30 miles. There are two 
near-by epicentral regions: the Los Santos area, and the submarine es- 
carpment which crosses the mouth of Panama Bay, both being 100 or more 
miles from the Canal Zone. All of the earthquakes are considered to be 
of shallow origin (plus or minus 12.5 miles in depth). Dates of occur- 
rence and epicentral distances of earthquakes felt by residents of the 
Canal Zone are given in Table 5. 


69. FAULTS IN THE CANAL ZONE: . Geologic studies completed to date 
have disclosed the presence of a very large number of faults in the 

Canal Zone, but no evidence of active faulting has been observed. How- 
ever, geologic evidence of active faulting is rare, even in regions 

where active faults are known to exist. Furthermore, natural conditions 
in Panama (deep weathering, heavy soil cover, rapid erosion, etc.) are 
such that minor physiographic features indicative of recent faulting are 
difficult to distinguish. A study of aerial photographs of the Canal Zone 
and vicinity suggests that at least some of the faulting is geologically 


recent; more extended field mapping will substantiate or disprove this 
inference. 
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TABLE 4 


EARTHQUAKES RECORDED BY CANAL ZONE SEISMOGRAPHS 
(1909-1946, inclusive) 


Felt by e Felt by 
Year Total Number Residents Year Total Number Residents 


1909 19 
1910 27 
1911 22 
1912 16 
1913 63 
1914 32 
1915 25 
1916 41 
1917 20 
1918 26 
1919 16 
1920 35 
1921 31 
1922 37 
1923 43 
1924 98 
1925 51 
1926 2l 
1927 30 


1928 55 

1929 55 

1930 20 

1931 61 

1932 65 

1933 78 

1934 2h,1,* 
1935 245 

1936 18, 

1937 279 

1938 222 

1939 

1940 288 

1941 323 

1942 170 

1943 110 

1944 103 

1945 177 

1946 152. 


5 
5 
0 
0 
6 
5 
3 
2 
3 
2 
2 
5 
4 
2 
1 
1 
2 
1 
3 


*Increase in number of recorded earthquakes due primarily to the in- 
stallation of more sensitive seismographs at Balboa Heights in 1933. 
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TABLE 5 


NUMBER OF EARTHQUAKES FELT BY RESIDENTS OF THE CANAL ZONE 
1909-1946, inclusive 


Epicentral Distance from Balboa Heights, miles 
51-100 101-150 151-200 201-250 251-300 301-400 Total 


ah of ao ch of co Gf o> 


1938 


1940 
1941 
1942 
1943 
1944 
1945 
1946 


TOTALS 35 


on 
2 
1 
1 
1 
1 
1 
1 
1 
3 
1 
2 
2 
1 
2 
4 
2 
2 
1 
2 
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70. SURVIVAL OF ANCIENT STRUCTURES: The survival of the flat arch of 
the church of Santo Domingo, built in 1671 in the city of Panama, and 
other ancient structures in the area has often been cited as evidence 
that no really destructive earthquake has occurred in the Canal Zone for 
the past 275 years. When the small area of serious damage caused by even 
the most violent earthquakes and other factors are taken into consider- 
ation, it appears that this evidence may be overemphasized. All that can 
be said with certainty is that for almost three centuries no really des- 
tructive earthquake vibrations have affected the church of Santo Domingo. 


7l. PROBABILITY OF MAJOR EARTHQUAKE CE: As shown by the pre- 
ceding paragraphs, no really destructive earthquake shock can be proved 
to have occurred in Panama during the historic period. There can be no 
assurance of future immunity for a comparable period of time. The prob- 
ability of really destructive earthquake occurrence is low in Panama as 
compared with adjacent regions of South and Central America, but conser- 
vative judgment would not preclude the possibility. Minor to moderate 
earthquakes are almost certain to be a continuing occurrence. 


72. PRO OF A MAJ AKE ON A CANAL AND APPURTENANT 
STRUCTURES: 


a. Effect on Locks: There is no reason to believe that lock 
structures placed on suitable foundations and designed with reasonable 
regard to possible earthquake occurrence should supegl anes more than 
minor damage, and even such damage is very unlikely. 


b. Effect on Embankments: The proposed flood-control dams and 
other diversion structures can be regarded as reasonably secure against 
all but the most violent earthquakes, and, as has been mentioned in para- 


graph 71, extremely violent earthquakes are very improbable in the Canal 
Zone. 


c. Effect on Excavation Slopes: In the very unlikely event of 
an extremely violent earthquake the Canal banks might fail at some local- 
ities. The most important effects would probably be confined to slopes 
in weak rocks and areas where jointing and other structural conditions 
favor the development of landslides. In all probability, the material 
shaken into the Canal would be relatively minor in quantity and readily 
removable by dredging. In the case of a sea-level canal it is incon- 
ceivable that an earthquake, no matter how violent, could cause blocking 
of the Canal. Dr. L. Don Leet, eminent seismologist and special consul- 
tant on these studies, has indicated the improbability of earthquake- 
induced landslides in canal cuts near the present Panama Canal as 
follows: 


- 51 - 
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"In a report on ‘Accelerations Which Cause Landslides,’ 
submitted to your office dated October 20, 1946, evidence was 
offered that landslides do not occur at distances over 50 
miles from the fault trace or focus of the largest quakes 
known, or at more than 20 miles from one as large as that of 
Japan in 1923, The computed accelerations which produced 
them range around 0.5 to 0.7 g. 


"There is nothing in the earthquake history of the Isth- 
mian region around the Canal Zone which indicates serious 
danger of a quake large enough and near enough to place the 
Zone within such a landslide radius. Data on the Santo Domingo 
quakes of August 4 and 8, 1946, received since preparing the 
above report, support the ®onclusions. The closest active 
zone in the record has been off the Los Santos Peninsula, 
more than 100 miles from Balboa. Earthquakes, of course, 
are tricky things, and absolute predictions regarding time 
and place of occurrence, either negative or positive, cannot 
be made. On the basis of world experience and a very exten- 
sive historical record, however, as a practical engineering 
matter, the design of any cuts in the present Zone would not 
need to be modified because of potential earthquake-induced 
landslides." 


d. Effect on Houses and er Structures: Canal Zone wooden 
buildings are well adapted to resist earthquakes, and should escape 
serious damage. All concrete structures of the Zone may be considered 
te be reasonably safe. 
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PART IX 
NATURAL MATERIALS FOR CONSTRUCTION 




























73. COARSE AGGREGATE: Local sources of concrete aggregates were in- 
véstigated for construction of the Third Locks and are only briefly dis- 
cussed herein.59 Materials adaptable to processing for use as aggregate 

in high-grade mass concrete are found chiefly in the various basalt and 
other igneous intrusive bodies which occur abundantly throughout the 

Canal Zone (Figure 28). Nearly all the flow and intrusive igneous masses 
of the Canal Zone and vicinity are characterized by closely spaced joints 
which greatly facilitate quarrying and crushing operations. Approximately 
1,000,000 cubic yards of basalt excavated for the construction of the Mira- 
flores Third Locks is available for processing in spoil piles located north 
of Cocoli. The Miraflores basalt was found to be satisfactory in all re- 
spects for use as aggregate during the Third Locks investigations, except 
for the possibility of base exchange reactions with high-alkali cements. 
The minerals that might enter into such reactions were found to be chiefly 
zeolites, which are readily recognizable, localized in occurrence, and 
insignificant in amount. The possibility of harmful base exchange re- 
actions can largely be eliminated by use of low-alkali cements. Although 
large supplies are available at Cocoli, it is doubtful that it would be 
economical to transport the material any considerable distance. Spill- 
ways and other concrete structures located at some distance from Cocoli 

can probably be supplied more economically with coarse aggregate from 

small quarries developed near the construction sites. Since the demand 

for these purposes will be relatively small, and because of the wide dis- 
tribution of igneous rocks, it should always be possible to find an ade- 
quate supply of material very close to the construction sites. Rhyolite 
from Ancon Hill and andesite from near Porto Bello were used in the con- 
struction of the existing locks, and have proved satisfactory for more 

than 34 years. The Miraflores basalt has never been used in the con- 
struction of large concrete structures. 





74. FINE AGGREGATE: As has been mentioned in paragraph 35, the allu- 
vium of the Chagres River valley near Gamboa affords an ample supply of 
sand and gravel suitable for use as aggregate. For high-grade concrete, 
washing, screening, and blending would be necessary. The Chagres sands 
and gravels can be transplanted to all potential construction sites by 
means of barges with only short truck hauls needed at the construction 
end of the route. The various rock types constituting the Chagres sands 
and gravels are shown in Table 6. Petrographic analysis of the materials 
indicates that the most doubtful individual mineral types from the stand- 
point of reactiveness are the » gone ete The quantity of zeolites in the 
Chagres sands and gravels is negligible. The Chagres sands and gravels 
were used in construction of Madden Dam in 1931 to 1935, and to date no 
deleterious effects of their use have been noted. After extensive testing 
they were considered satisfactory for use in the Third Locks concrete. The 


beach sand of the Chame Bay area is suitable for use as aggregate and is 
also transportable by water. 
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TABLE 6 


LITHOLOGICAL CLASSIFICATION OF CHAGRES AGGREGATES 



















Percentage of 
Total e 






Class of Rock 





Granite 25.23 
Syenite 4.79 
Diorite 3.42 
Igneous Gabbro 4.60 
Basalt 10.42 
Felsite 13.98 
Unidentified (Light Color) 5.87 
Unidentified (Dark Color) 7.46 


Subtotal 






Agglomerate (Basaltic) 17.04 
Agglomerate (Acidic) 0.53 
Tuff 1.98 
Sedimentary Breccia (Basalt) 0.54 
Sandstone 0.57 
Siltstone 0.03 
Shale 0.02 
Conglomerate 0,04 
Subtotal 





Metamorphic Quartzite and Crypto- 





Crystalline Silica 2.05 
Unidentified 1.43 





Total 





100.00 


























75. CEMENT: Portland cement resources of the Canal Zone and adjg- 
cent areas of the Republic gt Feneme have been investigated by Howe, 
MacDonald,“ and Thompson.~~? Portland cement is the product obtained 
by calcining to incipient fusion an intimate and properly proportioned 
mixture of argillaceous and calcareous materials with no subsequent addi- 
tions other than water and gypsum. The four most important constituents 
are silica, iron oxide, alumina, and lime carbonate. The chief raw mate- 
rials furnishing these constituents are limestone, clay or shale. Pre- 
vious investigations have proved that adequate quantities of suitable 
materials for cement, with the exception of gypsum, are present at vari- 
ous localities in the Canal Zone. The potential sources of lime are 
mainly coral reefs and limestone lenses in the Culebra, Caimito, Gatun- 
cille, and other formations. An abundance of shales and residual clays 
assure an adequate supply of the necessary argillaceous fractions. 
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Gypsum in sufficient quantity to meet the demand of a large cement manu- 
facturing plant is not known to be present anywhere in Central America. 
It is doubtful that construction of a plant to satisfy a large but short- 
lived demand would prove economically feasible. A cement plant is under 
construction in the Republic of Panama at a location only a few miles 
from the Canal Zone. 


76. EMBANKMENT MATERIALS: The character and distribution of rock 
types along the Panama Sea~Level Conversion Route ensure an adequate sup- 
ply of suitable material for construction of all proposed embankment 
structures. Suitable clays and shales for impervious cores and hard 
basalts and agglomerates for rock blanketing could be quarried at nu- 
merous sites along and within economic distance of the route. It is 
doubtful, however, that quarrying would be found necessary, since mate- 
rials of suitable quality and quantity for all embanknent structures 
contemplated probably could be selected from excavation spoil. The 
large deposits of Chagres River alluvium in the vicinity of Gamboa 
should provide an excellent source of free-draining fill. 


77. BACKFILL: Ample quantities of materials suitable for the vari- 
ous types of backfill are available. Where free-draining backfill is 
desired, the hard basalts and agglomerates which are widely distributed 
throughout the alignment should prove most adaptable. 


78. DIMENSION STONE: Due to close jointing many of the basalts and 
other igneous rocks of the Canal Zone and vicinity are not suitable for 
dimension stone (blocks four or more feet in dimension). The basalt 
near Fort Kobbe, however, is massively jointed and capable of furnishing 
large quantities of dimension size. The Point Farfan and Bruja Island 

ties described in paragraphs 39 and 41] are also poteptial sources 
Figure 28). A large undeveloped source of dimension stone is also 
found in the massive basalts of Nitro Hill. 


~"$§*- 
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PART X 
WATER SUPPLIES 


79. SURFACE WATER: At present the Canal Zone domestic water supply 
is obtained entirely from Gatun Lake. If a sea-level canal is constructed, 
the main body of Gatun Lake would be drained, but the Gatun River and 
Chagres River arms and Madden Lake would be retained as part of the flood- 
control system. Normal levels in these reservoirs would be maintained at 
elevations entirely adequate for continued services as a source of domestic 
supply. Other than these reservoirs, only six streams are worthy of con- 
sideration as potential sources for domestic water supplies. They are the 
Gatun, Boqueron, Pequeni, Chagres, Trinidad, and Ciri Grande Rivers. Choice 
of these alternatives is largely a matter of economics, but the possibility 
of watershed contamination must also be considered in arriving at a solu- 
tion of the problem of water supplies during an emergency. 


80. GROUND WATER: Development of atomic and biological warfare has 
made all surface-water supplies vulnerable to attack, and in the event 
of an emergency, recourse to underground sources may be necessary. Under- 
ground water is safer because of the protection afforded by the presence 
of an unusually thick and relatively impervious soil mantle which would 
permit only very slow infiltration of negligible quantities of surface 
waters to underlying aquifers. If by chance contaminated surface waters 
should reach the water table in sufficient concentration to be harmful, 
it could only be a very localized condition, due to prevailing structural 
features. However, there are several drawbacks to dependency upon well 
water. Many Canal Zone formations are not sufficiently porous or perme- 
able to constitute a water source, except where locally highly fractured 
and jointed. Such aquifers are generally of limited extent and as re- 
charge is extremely slow in the region they are not favorable for large 
well development. Structural conditions and other phenomena related to 
the physical character of the formations may also preclude the develop- 
ment of suitable water wells. A considerable number of water wells have 
been drilled by the Army. The data derived therefrom, have resulted in 
ea fairly adequate basis for classifying the formations of the Canal Zone 
and vicinity into the follo categories: (a) poor water sources, (b) 
fair potential sources, and (c) good potential sources. The Chagres, 
Gatun, Gatuncillo, Caimito, Cucaracha, Pedro Miguel, and La Boca forma- 
tions are all poor water yielders. The Toro, Quebrancha, Chilibre, and 
Culebra formations are fair potential sources. Adjacent to major fault 
or fracture zones, however, a formation normally classed as only a poor 
to fair water producer may become a good potential source. The best po- 
tential sources are the Sabanita, Basement Complex, Bohio, and Madden 
Basin sedimentary rocks, as are fractured and scoriaceous basalts and 
related igneous rocks. In resume, it appears that an adequate domestic 
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water supply for emergency use can be developed from carefully located 
deep wells. However, location of well fields is a fairly complex geo- 
logical problem, and a careful study of each proposed area is necessary 
prior to drilling. All water supplies, even those from deep wells, 
should be chlorinated, for wells that were free from B. coli at the 
time of their completion have been known to show gross contamination 
later. A detailed discussion of surface and ground water resources of 
the Canal Zone ang adjacent areas is in the files of the Special Mngi- 
neering Division.85 













PART XI 
EROSION OF CANAL BANKS 






81. GENERAL DISCUSSION: Banks of a sea-level canal would be com- 
posed of rock types identical to those through which the present canal 
was cut. In order to form a basis for estimating the amount of erosion 
which may occur along the banks of a sea-level canal, a study was made 

of the existing Canal, the sides of which exhibit the cumlative effects 
of over 30 years of wave and run-off erosion. Conditions prevailing 
along the present lock canal are not entirely representative of those 
which would exist along a sea-level waterway, for the following reasons: 
(a) A large proportion of the weaker and more readily erosible materials 
(Atlantic muck and Chagres alluvium), which would be exposed along a sea- 
level canal, are at present submerged beneath the waters of Gatun Lake. 
(b) Slopes of a sea-level canal would be higher and broader than the 
present Canal banks. The amount of runoff erosion observed along the 
existing Canal affords an index of the minimum erosive effects which 

may be expected on the banks of a sea-level canal over a comparable 
period of time. Relative erosibility of Canal Zone rock units is sum- 
marized in Table 7. 


















82. WAVE EROSION: Four main groups of material will be exposeq 
along the banks of the proposed canal. Individual consideration of 
each group indicates that wave erosion will not create an important 
maintenance problem. 








a. Overburden Materials: Overburden materials would be ex- 
posed along approximately 38 percent of the shoreline of a sea-level 
canal on the selected route, a large proportion of which would be 
Atlantic muck which is present mainly in the Gatun Lake area. Muck 
banks on the existing Canal were observed near Balboa Harbor where the 
maximum tidal range is tely 20 feet. A well-developed wave- 
cut slope ranging from 1¥ on FIV ci tot can gece an ten 
small abrupt rise, one to three feet high. This slope represents the 
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Relative Hardness 
ver 


Soft to very soft Easily eroded 


Low erosion resistance 


Low erosion resistance 


Low erosion resistance 


Caimito Moderate erosion resistance 


Gatun Moderate erosion resistance 


a. em Se oe oe ~ Os 


Las Cascadas Moderate erosion resistance 


Pedro Miguel 
Agglomerate High erosion resistance 


Bohio 
Conglomerate High erosion resistance 


Bas Obispo High erosion resistance 


Basalt and other 
igneous rocks Very hard rock High erosion resistance 


*Includes Pacific and Atlantic mck, Chagres granular alluvium, soil 
mantle, and weathered rock. 
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combined erosional effects of wave and tidal action. As the muck slopes 
of a sea-level canal will be excavated to 1% on 10" above elevation sero, 
the detritus added to the canal by wave erosion will be small; however, 
the shores in this material will recede quickly until the resulting wave- 
cut bench becomes wide enough to dissipate wave energy. Other overburden 
materials are residual soils, weathered rock, and Chagres alluvium. These 
materials all erode readily by wave action, and numerous islands in Gatun 
Lake which are overlain by such materials have been severely eroded since 
the lake was impounded. A typical example of this erosion is found on 
Barbacoas Island, where a terrace has been cut back for a distance of 70 
feet inland. Tentative design slopes in these materials range from 1” on 
1.5" to 1% on 3.5". Substantial amounts of wave erosion can be expected 
locally. However, the volume of silt deposited in the canal as a result 
of wave erosion of these overburden materials should be negligible. Where 
installations are made on shores exposing overburden, riprap may be needed 
to prevent sloughing and rapid retreat of the bank. 











b. Soft Rocks. The Cucaracha, Culebra, and La Boca formations 
form approximately 17 percent of the shore of a sea-level canal on the 
Panama Sea-Level Conversion Route. Small, well-defined terraces and cliffs 
develop in steep slopes underlain by these formations where wave action at- 
tacks the softer members. However, all the terraces observed show very 
slow wave wear and are insignificant from the standpoint of affecting bank 
stability or contribution of silt to the Canal. Wave erosion on the banks 


of a sea-level canal where these formations are exposed is expected to be 
inconsequential. 



















c. Medium-Hard Rocks. The Caimito, Gatun, and Las Cascadas for- 
mations constitute 16 percent of the shoreline of a sea-level canal on the 
selected route. Softer horizons within these formations commonly influence 
development of small, well-defined terraces and cliffs which result from 

wave erosion. Such terraces would develop in similar materials when ex- 

posed in a sea-level canal, but they would have negligible effect on main- 
tenance costs and bank stability. 


d. Hard Rocks. The Bohio, Pedro Miguel agglomerate, basalt, and 
Bas Obispo formations will comprise 29 percent of the shoreline of the 
selected route. Figure 5 shows the negligible result of wave erosion in 
the Bohio formation. From a practical standpoint, rocks of this group 
may be expected to be totally unaffected by wave action. 


83. SURFACE-RUNOFF EROSION: Where side slopes of a canal are composed 
of material low in erosional resistance, natural scour of these slopes may 
contribute appreciably to maintenance costs. In such instances, if surface 
drainage is uncontrolled, it quickly carves deep rills and gullies in the 
slopes, resulting in deposition of silt and debris in the channel. Although 
rather deep side-slope erosion may be observed in a few cases along the pres- 
ent Canal, the effect of runoff scour has not been severe. A sea-level canal, 
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however, would involve greater heights of cut than those along the exist- 

ing Canal and would have a large increase in area of flat slopes composed 

of soft materials that would be exposed to the effects of runoff erosion. 

The various rock types that would comprise the slopes exhibit a wide range 
of resistance to the erosive action of surface runoff. 


a. Overburden Materials: Overburden materials such as the At- 
lantic and Pacific mucks, Chagres alluvium, residual clays, and weathered 
rock all exhibit high susceptibility to surface-runoff erosion. Although 
a comparatively large percentage of the total length of a sea-level canal 
will involve the exposure of overburden, its lateral extent in the cuts 
will be narrow and, consequently, erosion is not likely to be severe. It 
is possible that a planted vegetal cover of these portions of the slopes 
will be found desirable to prevent scour from becoming objectionable, How- 
ever, natural plant growth may develop rapidly enough to serve this pur- 
pose. 


b. Soft Rocks: The clay shales of the Cucaracha formation and 
the carbonaceous shales of the Culebra formation are very susceptible to 
runoff erosion as is indicated by deep gullies now developing in a 3-year- 
old slope on the west side of the Canal between Stations 1740+00 and 1760+ 
OO. Gullies up to 10 feet deep have been developed in the toe of a slope 
in the Cucaracha formation. Rills up to 6 feet deep have been developed 
in the lower part of another slope in Cucaracha beds which have been ex- 
posed to erosional action for about 4 years. The shales of the Cucaracha 
and Culebra formations break down rapidly by alternate wetting and drying 
(air slacking), and the slopes become covered by a mantle of 6 inches or 
more in thickness of friable, earthy shale which is readily attacked by 
the surface runoff. Removal of the friable mantle exposes a fresh surface 
to atmospheric action, and the cycle is repeated. Locally the Culebra for- 
mation comprises thick beds of erosion-resistant sandstone with minor inter- 
calations of soft shales. The relatively hard sandstones serve in some 
measure as a protection against erosion of the softer shales by the surface 
runoff. The La Boca formation would not be extensively involved in slopes 
along a sea-level canal. Lithologically, however, this formation is rather 
similar to the Culebra, and its shale members have the same tendency to 
break down under alternate wetting and drying. Along the selected route 
many broad high slopes will be required in the soft clay shales of the 
Cucaracha formation and the softer carbonaceous and lignitic shales of 
the Culebra and La Boca formations. It is probable that erosion of these 
slopes will be rather severe if surface drainage is not restricted. In 
addition to sodding or planting of a protective cover, a system of lined 
surface drains may be desirable to entrain surface runoff and minimize 
damaging scour. 


c. Medium-Hard Rocks: The Caimito, Gatun, and Las Cascadas for- 
mations are on the average much higher in erogion resistance than the 
Cucaracha, Culebra, and La Boca beds. Weakly resistant tuffaceous beds 
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occur in these formations, but in general they are narrow and where ex- 
posed are protected from erosion by overlying harder and more resistant 
beds. Exposure of the Caimito, Gatun, and Las Cascadas formations are 
attacked comparatively slowly by surface waters, and cut slopes in these 
materials should require no protective measures. 


dad. Hard Rocks: The Bohio and Bas Obispo formations, and the 
Pedro Miguel omerate and basalt are all hard and very resistant to 


erosion. Other than for occasional water-loosened spalls, cuts in these 
rocks should show no effects of the erosive action of surface waters. 
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8h. SUMMARY OF GEOLOGIC CONDITIONS: Rocks of the Canal Zone consist 
of a complex series of igneous flows and intrusive bodies, pyroclastic 
materials, and sedimentary strata of Tertiary and Quaternary age which 
rest on a pre-Tertiary basement. In order of oldest to youngest, the 
sedimentary formations underlying the region are the Gatuncillo, Bohio, 
Culebra, Cucaracha, La Boca, Caimito, Gatun, Toro, Chagres, and Atlantic 
and Pacific mucks. All are characterized by rapid horizontal and verti- 
cal changes in lithology, and have been folded and faulted in varying 
degrees. The formations older than the Gatun have been intruded by 
basalt and other types of igneous rocks. Pyroclastic formations are 
represented mainly by the tuffs and agglomerates of the Bas Obispo and 
Las Cascadas formations and the Pedro Miguel agglomerate. Igneous in- 
trusive bodies and flows are common occurrences in all formations older 
than the Gatun. Weathering has affected all formations exposed at the 
surface to a depth ranging from a few to over 50 feet. Structurally 

the Canal Zone forms a broad anticline the axis of which strikes roughly 
northeast-southwest, or approximately parallel to the ocean shore lines 
and perpendicular to the alignment of the proposed sea-level canal. This 
fold has been much broken by two major systems of faults one of which 
trends northeast, the other in a northwestern direction. In the region 
of the Continental Divide a number of hills consist of basalt and/or 
agglomerate overlying soft Cucaracha clay shales. The structure of 
these hills has been carefully studied and investigated by drilling, 

for it was in this area that the worst slides occurred during construc- 
tion of the existing Canal. In instances where the Cucaracha formation 
underlies basalt or other hard rocks at elevations above or slightly 
below grade of the proposed sea-hevel canal (elevation -60), relatively 
flat excavation slopes will be necessary for both the Cucaracha and 
overlying more competent rocks. 
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85. CONCLUSIONS: 


a. Construction of a sea-level canal js geologically feasible 
and the Panama Sea-Level Conversion Route appears to be one of the most 
favorable from a geologic viewpoint. 


b. Slopes used for estimates during the present studies have 
been based on the weakest stratum, as found by geologists and determined 
by tests, known to occur in each of the formations involved, and are 
thus conservative in that no allowance has been made for favorable geo- 
logic structure, elevation of the weakest beds in relation to the sur- 
face and channel bottom, nor for other factors which may locally permit 
steeper excavation slopes. Geologig mapping of a fairly wide area on 
both sides of the selected route and a more detailed drilling program 
combined with laboratory testing of rock samples should result in suf- 
ficient geologic information concerning the physical character and struc- 
ture of the underlying rocks to permit design of the most economical stable 
slopes. It is probable, as deduced from a geologic analysis, that such 
final design slopes will entail less excavation than those used for the 
present estimates. Unforeseen conditions revealed during excavation 
will doubtlessly require flattening of slopes at some localities, buat 
the procedure outlined previously should result in proper design for 
the maximum economy consistent with slope stability. 


c. Foundations for tidal-regulating structures located at 
Miraflores are satisfactory. 


d. Foundations for the various proposed sea-level canal flood- 
control structures are satisfactory. 


e. The earthquake risk in the Canal Zone is slight. Minor 
earthquakes are of frequent occurrence, and the possibility of a major 
. Gisturbance cannot be entirely eliminated. However, even a major earth- 
quake is not likely to damage seriously a sea-level canal or appurtenant 
structures. 


f. Natural construction materials of suitable quality and quan- 
tity are available in the Canal Zone. Although natural materials for 
the manufacture of cement are available locally, it is doubtful that con- 
struction of a cement-manufacturing plant would prove economically feasi- 
ble. This commodity might be obtained from the Republic of Panama should 
it prove desirable to do so. 


g. Adequate surface-water supplies are available from proposed 
flood-control reservoirs, and underground water supplies sufficient for 
emergency use can be developed. 


; h. Wave erosion of the banks of a sea-level canal will be prac- 
tically negligible. Surface runoff erosion of slopes in soft rocks may 
contribute measurably to maintenance costs unless protective measures 
are provided. 
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PART XIV 
GLOSSARY 


Acidic. A term derived from the fact that silica (S102) is an 
essential constituent of silicic acid. Thus, igneous rocks, such as 
granite, which contain free silica in the form of quarts are often 
spoken of as acidic. 





























Adjusted Drainage. Given sufficient time, the streams in any 
om area will cut away all chance obstacles tending to obstruct then 
and will establish integrated patterns which reflect the underlying 
rock structure. Such streams are adjusted, and they combine to form 
an adjusted drainage pattern. 


Agglomerate. A rock composed of coarse fragments resulting 
from explosive volcanic activity. The component fragments consist of 
pieces of rock broken and hurled into space by explosion, or of "bombs*® 
--solidified globules of lava ejected from a volcanic crater. 






Aggradation. Applies broadly to processes of systematic dep- 
osition by wind, streams, and marine currents. It includes the filling 
of depressions, the extension of streams by delta construction, and 
other normal depositional activities of geologic agents which are carry- 
ing a heavier load of sediment than they can hold in suspension. 


Algae. Relatively simple water plants, including the common sea- 
weeds. Some algae secrete calcium carbonate, and these calcareous types 
are important contributors in the formation of limestone and reefs. Oc- 
casionally, the calcareous secretions are preserved as fossils, which is 
the case with many of the limestone deposits of the Canal Zone. 


Alluvium. A mechanical sedimentary deposit formed by running 
water. Although applied most generally to stream or fluvial deposits, 
the term may also be employed for unconsolidated sediments deposited by 
rainwash and other water currents. Alluvial materials include gravels, 
sands, silts, and mds. 






Alteration. Any change in a mineral or rock subsequent to its 
original formation. Thus, with application of sufficient pressure car- 
bon alters to graphite. (See metamorphian. ) 











- A vesicule or "gas cavity" in a lava flow that became 
filled with mineral matter from the surrounding rock while, or after, 
the latter cooled. Calcite, quarts, and other rarer minerals such as 
native copper may serve as amygdule fillings. A volcanic rock contain- 


ing amygdules is called amygdaloidal. Amygdaloidal basalts are common 
in the Canal Zone. 
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Anges A volcanic rock occurring either as surface flows or 
injections into fractures and-other openings at relatively shallow 
depth. Andesitic rocks are composed of small crystals of hornblende 
and plagioclase feldspar. The mixture of black hornblende and light 
feldspar gives the rock a medium-gray appearance, commonly with a 
light greenish cast, especially when the constituent minerals have 
been altered. Andesites are the fine-grained equivalent of diorites. 


Anticline. An upward flemure or fold in stratified rocks which 
is characterized by opposing dips away from a more or less centrally 
located axis. The height and length may vary within very wide limits. 
Erosion quickly modifies the initial form of the fold, but the structure 
can always be recognized from the attitude of the rocks. 


Aphanitic. Composed of crystals too emall to be distinguished 
by the uneided eye. 


Aguiclude. A formation which though porous and capable of ab- 
sorbing water will not tranamit it fast enough to furnish an appreciable 
supply for a well or spring. 


Aquifer. A water-bearing rock. 
Argillaceous. Containing clay. 
Areal Geology. The phase of geology that describes, correlates, 


and interprets the rocks and other surface geologic features occurring 
in a specific locality or region. 


Axis. In a cross-section of a fold, the imaginary plane that bi- 
sects it or divides it into two approximately equal parts is called the 
axis. Such a plane must, of course, continue as a line along the strike, 
or longitudinal extent of the fold. 


Basalt. A rock of volcanic origin characterised by its dark color 
and fine crystalline texture. It is the fine-grained equivalent of a 
gabbro. Chemically it is low in silica, high in calcium, iron, and mag- 
nesium; its mineral composition is plagioclase feldspar, pyroxene, and 
commonly olivine. It forms flows, dikes, sills, and other intrusive 
bodies, and is very abundant in the Canal Zone. 


Basic. Iron and magnesium form bases, and rocks high in these 
constitpents are often called basic as distinguished from the acidic or 
silica-rich rocks. Basalt is a basic rock. 
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- A large intrusion of coarsely crystalline igneous 
rocks formed at great depth below the surface and continuing indefinitely 
with depth. The great size of batholiths indicates that they were reser- 
voirs of molten rock, or magma, which cooled and crystallised slowly. 
They are exposed on the surface only as the result of deep erosion. 


Bed. A layer of stratum of rock formed by sedimentary or organic 
processes. Beds vary in thickness from a fraction of an inch to many 
feet, depending on the conditions existing at the time of their origin. 
Any sudden change in these conditions leads to the formation of a new 
layer or bed. The sharp break between the two is called a bedding plane. 





Bedrock. A term used to indicate the fresh, unweathered rock be- 
low the soil and weathered rock cover. The implication of solidarity 
and stability is not always valid. 































Bentonite. A rock composed largely of clay minerals of the mont- 
morillonite group derived by alteration of volcanic glass. Bentonites 
are soft, waxy or soapy substances which possess the property of absorb- 
ing water into the crystal lattices of the component minerals with an 
increase of up to 10 times their original volume. The chemical composi- 
tion is extremely complex, and may be described qualitatively as a hy- 
drous sodium, calcium, magnesium, aluminum silicate. (See meta-bentonite. ) 





Boulder. A rock fragment 1] foot or more in diameter. 






- A rock composed of angular fragments of older rocks em- 
bedded in a fine-grained matrix. Volcanic breccias are fairly common in 
Panama. Two types can be distinguished: explosive breccias in which the 
large fragments and finer matrix consist of rocks broken by the volcanic 
eruption, and flow breccias in which the larger fragments represent a 
solidified crust of a lava flow which was broken by movement of the still 
molten material in the interior. Both the fragments and matrix consist 
of solidified lava. 


Galcareous. Containing, or composed of, calcium carbonate (CaC03). 





Calcite. A mineral composed of calcium carbonate. It is usually 
white and translucent, or colorless and transparent, and may be identi- 
fied by its rhombic cleavage, effervescence with acid, and comparative 
softness (can be cut with a knife). It is found as a filling of many 
veins, and is the chief constituent of limestone. 





Chloritization. A term used to describe the alteration of basic 
‘igneous rocks resulting in the development of chlorite minerals. These 
_ are hydrous aluminum-magnesium silicates which are soft, green in color, 
and possess a well developed tabular cleavage similar to that of the 
micas. 


- 72 < 
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Clay. The common name for fine-textured soils and sedimentary de- 
posits composed mainly of the minerals kaolin (H,Al9Si209) and nontronite 
(H,Fe2Si209). Residual clay soils are developed by the weathering and 
chemical decomposition of igneous rocks. The feldspars yield kaolin, and 
the ferromagnesian minerals, like hornblende and augite, produce nontronite 
by the leaching of the more soluble constituents. 


Clay Shale. A term used ‘to describe altered, devitrified tuffs 
that are rich in clay minerals, but which are not true shales from which 
they differ in mode of origin and absence of lamination. 


Gobble. A rock fragment varying from 3 to 12 inches in diameter. 


Columnar Jointing. Systematic fractures formed in lava flows and 
igneous intrusive bodies by shrinkage as the molten rock cools. Maximum 
shrinkage occurs at right angles to the surface of the mass that has the 
greatest area, yielding a series of cracks or jojnts at right angles to 
the cooling surface. In flows and sills the fractures tend to develop in 
a hexagonal pattern which gives the rock a columnar structure. 


Compaction. When originally deposited the constituent particles 
of sedimentary rocks are often separated by water films and colloidal 
material and are not in close contact. With continued deposition, weight 
of the overlying material compresses the underlying layers, squeezing out 
the water and colloidal material and bringing about a decrease in volume 
and increase in density. This process is known as compaction, and is 


most marked in relatively fine-grained clastic sediments such as shales. 
(See shale.) 


t. Resistant to folding or deformation. As used in this 
report may also include resistance to sliding. 


Concretions. Irregularly-shaped masses or nodules, usually of 
calcium carbonate or silica, which are found in sedimentary rocks where 
they have been formed by precipitation from circulating ground waters 
subsequent to deposition of the enclosing rock. 


Ceiba Bere ee A sedimentary rock consisting of fragments larger 
than 0. ameter set in a finer-grained matrix. Size of the 
larger fragments is indicated by descriptive terms such as pebble or 
boulder, giving rise to the compound terms of pebble conglomerate, 
boulder conglomerate, etc. 


Consolidation. The process of rock hardening involving either 
binding of loose grains of a sediment by a cementing material such as 
calcium carbonate, or induration by pressure as in the formation of 
coal from peat, shale from clay, etc. 
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Diorite. A coarse-grained igneous rock intruded into older rocks 
at moderate or great depths below the surface. Like andesite, it is com- 
posed of plagioclase feldspar and hornblende which occur in crystals large 
enough to be identified by the unaided eye. 


Dip. ‘The angle of inclination of the bedding planes of sedimentary 
rocks, or of a fault plane, with the horizontal. 


Disconformity. A time lapse between deposition of two contiguous 
formations, but without angular discordance of the bedding planes of the 
two formations. The time lapse is usually represented by a period of 
erosion, but in exceptional circumstances may simply indicate an epoch 
of non-deposition. 


sintegration. Mechanical breakdown of rocks in place by frost 


action, ‘root growth, expansion and contraction due to changes in temper- 
ature, etc. (See weathering.) 


Dissection. The development of drainage forms and relief in an 
elevated land surface by stream erosion. 


e. A shaking of a segment of the earth's crust caused 
by the sudden release of energy in the form of elastic waves. A frequent 
cause of earthquakes is slippage along a fault. However, not all earth- 
quakes can be definitely related to this source. 


Earthquake Intensity. The relative violence of earthquakes is 
measured on an arbitrary scale ranging from I for imperceptible tremors 
to X for the most disastrous shocks. Maximum intensity is registered at 
the epicenter and diminishes away from this point. 


Emergence. The appearance of dry land from a former sea bottom. 
Although often used to imply uplift, the term does not necessarily carry 
this connotation. 


- A term used to describe earth movements, or diatro- 
phism, of a scale vast enough to form continents. 


Epicenter. The point on the surface below which movements causing 
an earthquake occurred. 


Erosion. The lowering and wearing away of a land surface by wind, 
water,and other mechanical and chemical agents. 
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Formation. A rock unit, usually of sedimentary origin, composed 
of strata that have been deposited in uninterrupted sequence under the 
same set of conditions, or under conditions that changed gradually. This 
term is often used as a synonym for rock and when so used is totally in- 
correct. (See rock.) 


Fossil. Any remains or trace of life in the geologic past. 


Fractures. Breaks in rocks such as joints, fissures, and faults. 
(See joint and fault.) 


Geologic Mapping. The art of presenting the distribution and 
structure of the rocks of a given area on maps and cross sections so as 


to delineate as accurately as possible the actual conditions in three 
dimensions, 


Glauconite. A green, amorphous, iron-potassium silicate. 


Grade. A stream is said to be at grade when the slope of the 
channel is such that it neither deposits the sediment it is carrying in 
suspension nor erodes its bed. It is also said to grade its channel 
until this point is reacted. 


Granite. A medium to coarsely crystalline rock composed essen- 
tially of quartz, feldspar, and mica. It is of deep intrusive origin, 
and is exposed at the surface only as the result of deep erosion. 


Groundwater. Rainwater that has seeped from the surface into 
underground fractures and pore spaces. It is distinguished from connate 
water (sea water buried in marine sediments at the time they were depes- 
ited), and magmatic water (which comes from within the earth and issues, 
usually as steam, from volcanic vents), "Meteoric water” is a synonym. 


Gypsum. A soft, platy mineral composed of hydrated calcium sul- 


phate (CaSO). 2H,0), used as a retarder in cement and many kinds of 
plaster. 


Horizon. A zone, usually rather thin, extending parallel to the 
bedding and completely across a sedimentary formation, 


Hornblende, A dark green or black aluminum silicate. It is com- 
posed of iron and magnesium combined chemically with aluminum and silica 
in variable proportions. The cleavage is perfect along planes that inter- 
sect at angles of 60 and 120 degrees. 
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Igneous Activity. The sum total of geologic phenomena associated 
with movements of molten rock or magma, Starting at considerable depth 
magma works its way upwerd., When the molten mass solidifies without 
reaching the surface it forms an igneous intrusion such as a batholith, 
If it reaches the surface before solidifying it gives rise to volcanic 


activity. The rocks formed by cooling and crystallization of a magma 
are known as igneous rocks. 


Induration., The hardening of rocks by introduction of a cement- 
ing material, or by influence of heat and pressure. 


Intrusive. An igneous rock which crystallized below the earth's 
surface, 


Joint. A frecture or fissure in rocks along which no appreciable 
movement has taken place, 


Laccolith. A lens-shaped intrusive body which has spread along 
the base of a sedimentary formation and has arched or domed the overly- 
ing sediments. Laccoliths are circular or elliptical in plan and rela- 
tively small in diameter (roughly a few hundred yards to a few miles). 
They are usually composed of porphyritic or finely granuler rocks. 


Lamination. A thin plate or layer. The bedding of sediments is 
often referred to as laminations, 


Lava. Molten rock which issues from a crater or fissure. Also 
applies to the rocks formed by crystallization of the liquid material. 


Lignite. A low-grade coal. Vegetable matter is changed into 
coal largely as the result of pressure. Initially it becomes compacted 
into peat and when more deeply buried excess water and volatile oxygen 
and hydrogen are squeezed out concentrating combustible carbon. The 
first stage of transformation of peat to coal is represented by lignite, 


a black or dark-brown substance which decomposes readily when exposed to 
the air. 


Limestone. A sedimentary rock, usually marine in origin, composed 
of calcium carbonate. It may consist of an aggregate of calcareous shells 
and algae, fragments of shells, or less commonly of crystalline calcite 
precipitated chemically from lime charged waters, 


Lithology. The study and description of the physical and chemical 
characteristics of rocks, 
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Marine Terrace. A bench or platform that has been formed by 
action of waves and undertow in shallow waters near shore. Ordinarily 
it is composed of two parts: an inshore terrace, called the wave cut 
platform that has been cut by wave and undertow erosion, and an off- 
shore terrace composed of the debris transported from the shoreline 
and known as the wave built platform. 


Marl. <A deposit composed of limestone or chalk mingled with 
varying amounts of clay. It is distinguished from limestone and shale 
by the poor state of consolidation. 


Matrix. A relatively fine ground mass which encloses larger 
fragments or crystals. 


Member. A subdivision of a formation consisting of a single 
type of Frock. (See formation.) 


Meta-bentonite. A rock composed of certain of the bentonite 
clay minerals which does not swell appreciably with the addition of 
water. It is probable that much of the so-called bentonites of the - 
Canal Zone are actually meta-bentonites. For most engineering pur- 
poses meta-bentonites do not possess the extremely objectionable char- 
acteristics of the true bentonites. (See bentonite.) 


Metamorphism. The alteration of rocks by heat or pressure, or 
both. Examples are the alteration of limestone to marble and shale to 
slate. 


Mineral. An inorganic substance found in nature which has a 
definite chemical composition, or a composition that varies within 
definite limits. Strictly speaking water is a mineral whereas coal 
and petroleum are not. The concepts of hardness and crystalline char- 
acter are not essential to the definition of a mineral, but usually 
characterize such substances. (See rock.) 


Muck. An unscientific term used to designate deposits of clay 
and silt that are high in organic content. 


Neck. A tubular mass or plug of volcanic rock occupying the 
conduit of a volcano. Necks are exposed only after erosion of the 
volcanic cone which they were instrumental in building. 


Qlivine. A mineral having the composition (Mg,Fe)Si0, which is 
found as an important constituent of certain igneous rocks low in silica, 


notably basalt and gabbro. It is green or gray-green, transparent or 
translucent, and has a glasay luster. 
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Qutcrop. A natural exposure of fresh, unweathered bedrock. 


Qverlap. The relation between a sedimentary formation that was 
deposited over an area which steadily increased with time and the under~ 
lying older rocks. As a result, the upper beds of the formation extend 
beyond the limits of lower beds, and cover, or cverlap, more of the under- 
lying rocks than the older members of the formation. 




















Paleobotany. The branch of paleontology that studies fossil 
plants. 








Paleontology. The systematic and scientific study of fossil fauna 
and flora with a view to establishing their distribution in time and space. 


Pebble. A rock fragment 0.1 to 3.0 inches in diameter. 


» Literally “almost a plane". A land surface of low re- 
lief representing the normal end product of the erosion cycle. It implies 
an original upland which has been worn down to sea level by rainwash, 
streams, and ground water. Near the coastal margin it may be worn below 
sea level by wave action. 


Permeable. Open to the passage of liquids and gases. 


Rust CEPAPLL A study of the land forms or surface features of the 
earth, parti rly in relation to the geologic factors and forces which 
produced them. Also known as geomorphology. 


- Containing cavities or pores. Porosity does not entail 
perm ty, for in instances where the pores are not connected the sub- 
stagee is porous but not permeable. 























(See porous.) 









- An igneous rock characterised by relatively large crys- 
tals (phenocrysts) in a finer grained matrix composed essentially of the 
same minerals. Porphyries are normally formed by a change in rate of 
cooling, the large crystals being formed by slow cooling and the ground 
mass by more rapid temperature loss. 


Primary. Rocks and minerals formed directly by magmatic processes 
which have not been subsequently altered. 


erm Literally "heat broken". A term applied to a large 
class rocks formed by consolidation of fragmental volcanic materials 
blown from volcanic vents. Since they are formed from redeposition of 
fragaents derived from pre-existing rocks, the pyroclastics are often 
considered as a subdivision of the sedimentary rocks. Other writers pre- 
fer to regard them as a distinct class of equal rank with the igneous, 
metamorphic, and sedimentary rocks. 
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Quartz. A mineral consisting of silica (S102) and characterized 
by ite glassy luster, transparency, and great hardness (will scratch 
steel). It is an essential constituent of granite and other igneous 
rocks, and occurs abundantly in many sandstones. 


te. A silica sandstone that has been so thoroughly re- 
cemented by silica that when fractured it breaks across the constituent 
sand grains rather than around them, as is the case with sandstones. 


Regression. Gradual withdrawal of the sea from a land area in 
process of formation. 


Rejuvenation. An imRerruption of an erosion cycle that has pro- 
gressed past the youthful stage, causing the reappearance of certain 
land forms which are characteristic of an earlier stage of the cycle. 


Residual. Materials left by weathering. Residual soils are 
those which represent the weathering of rock in place as contrasted 
with transported soils which have been carried to their present loca- 
tion by wind, water, or ice. 


Rhyolite. A fine-grained volcanic rock composed of quartz, feld- 
spar, and mica. It is predominately light-colored, ranging from gray to 
pink to red. The fine-grained equivalent of a granite. 


Rock. An essential unit of the earth's crust. The idea of hard- 
ness and solidity is by no means a part of the definition. Glacial ice, 
soil, and sand are rocks. Use of the term "rock" in engineering contracts 
to distinguish between materials requiring blasting and "earth", "dirt", 
etc. for materials removable by common excavation is ambiguous and ig 
sanctioned only by long usage and custom. 


Sand. Mineral or rock fragments varying from 0.002 to 0.1 inch 


in diameter. 


SandS8tone. Consolidated sand. The component minerals are commonly 
quartz, feldspar, hornblende, magnetité, and calcite. 


Scoriaceous. Characterized by the presence of numerous open pores 
and cavities. Volcanic rocks containing cavities formed by gas bubbles 
are often referred to as scoria. 


Secondary. Related to, or accomplished by, geologic processes 


which modify older rocks and minerals. Thus when the feldspars of a 
granite are weathered to form kaolin the latter is a secondary mineral. 
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- Refers to the processes forming the sedimentary rocks 
and the rocks resulting therefrom. The sediments include clastic or frag- 
mental rocks formed by wind, water, and ice; rocks of organic origin such 
as limestone, lignite, and coal; and chemical precipitates such as rock 
salt. Most sedimentary rocks are stratified. 


Seiemic. Related to earthquakes. 


« An instrument for measuring relative distances and 
intensities of earthquake shocks. 


Shale. Consolidated clay. Two types can be distinguished: Cemen- 
tation shales and compaction shales. The former have been consolidated by 
infiltration of mineral matter as calcium carbonate or colloidal 
silica. The latter have been consolidated largely by pressure which has 
brought the constituent particles so close together that they are held by 
molicular attraction and surface tension of adsorbed water films. Compac- 
tion shales disintegrate readily upon drying, and tend to expand elastically 
in varying degrees upon removal of the superincumbent load. 




















Sill. A tabular igneous intrusive body the long axis of which 
parallels the strike of the strata into which it has been intruded. 







Silt. Rock fragments varying from 0.0002 to 0.002 inch in diameter. 
Siltstone. 





Consolidated silt. 











Slickensides. Polished and often grooved surfaces on rocks which 
are especially common along fault sones. 







Soil. The mantle of loose material on the earth's surface con- 
sisting of weathered material and organic matter. Soils may be residual 
or transported. The latter are actually unconsolidated sediments. 


Strata. Layers of stratified or bedded material. 
Stratified. A term used to describe the bedding or lamination seen 


in many sedimentary rocks. Stratification rises from a more or less sudden 
change in the size, color, or type of material being deposited to form strata. 

















Stratigraphy. The branch of geology which deals with the spatial and 
time relations of rocks, especially the sedimentary formations. 





Strike. The direction of a horizontal line which may be drawn within 
an inclined bedding plane. The strike is at right angles to the direction 
of dip. May also indicate the longitudinal trace of a fault plane or the 
axis of a fold. 
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FOREWORD 


The late Dr. D. F. MacDonald in his capacity of Consulting 
Geologist to the Special Engineering Division, The Panama Canal, had 
virtually completed this report essentially as published herein 
prior to his death on May 29, 1942, The report had not been pub- 
lished at that time, but it is believed that Dr. MacDonald intended 
to submit it in substantially its present form. 


The purpose of the report is to present the geologic 
conditions and related factors which contributed to the major slides 
in Gaillard Cut during and after its excavation. A canprehensive 
review of this subject was considered to be of particular pertinence 
because of the fact that geologic formations similar to those 
encountered in Gaillard Cut also exist in the area of the New Pedro 
Miguel Lock and North Approach Channel, Third Locks Project, 


Final assembly of the report was completed under the 
supervision of the Geology Section ‘of the Special Engineering 
Division in September, 1942. 
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SLIDES — CANAL ZONES 
LIST OF ILLUSTRATIONS 


Frontpiece: Map of Canal Zone 


Figures 


Shows the original slopes set by the Board of 
Consulting Engineers, averaging 3 vertical on 
2 horizontal, They did not take into consideration 
the different kinds of rock in the area, nor the 

variation in depth of the excavation. 














Ideal cross-section west side Gaillard Cut, near 
Culebra. Indicates the circular type of movement 
developed by the deep deformation slides which 

occurred in Cucaracha rocks, 













Charts showing results of Cucaracha rock tests. 


Ideal cross-sectional slice, one foot thick, (normal 
to the plane of the paper) on west side Gaillard 

Cut, near Culebra. Shows that the Cucaracha rocks 
failed at much lower unbalanced pressure than that 


indicated by crushing strength tests on prepared 
blocks of the rock, 


‘Plates yA 
Plate l Geologic map and cross-sections of Gaillard Cut area, 


where the largest slides occurred. 





_ General Views 


Plate 2 Culebra as of June 5, 1923, looking north. Culebra 

13} x 166 was headquarters during Canal construction days. The 
headquarters building is shown in the center of the 

picture, and the canal on the right. 













Plate 3 Gaillard Cut in the making, May, 1913. The hard rock 

1} x7 of Gold Hill stands steeply on the right, while that 
of Contractors Hill is shown on the left. The view 

is toward the north, 








Plate 4 Gaillard Cut in the making, August, 1913. The view is 
ma. 


exh toward the south with Gold on the left and 


Contractors Hill on the right. Just beyond Gold | 
Hill the Cucaracha slide material is coming down 


in enormous quantity. 

















Plate 5 
13- x 57 


Plate 6 
13> x 45 


Plate 7 
1} x 5 


Plate 8 
L5d- L 

Plate 9 
13- x 28 


Plate 10 


Plate 11 
13- x 97 


Plate 12 
13- x 116 


Plate 13 
13} x 126 





536 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Some Results of the Slides 


Shows loaded flat cars caught in the Barge Repair 

Slide of May 29, 1913. View looking north, slide 

“coming in from the right, bedded Culebra formation 
dipping southerly shown on the left. 


Barge Repair Slide, February 7, 1913. Shows uprise 
in bottom of the excavation, destruction of railroad 
track, and damage to steam shovel. Looking south 
toward Gold Hill, which is seen in the distance; 
Slide in Culebra rocks is coming fran the left. 

Note the coarse character of the material that is 
moving. 


Shows steam shovel caught in slide just north of 
Gold Hill, July 5, 1911. “Note the coarse character 
or the” rock fragments that slid. 


Shows steam shovel buried under rock fall near Las 
Cascadas, May RH, 1912. 


Beginning of big slide just north of Gold Hill, 
east side, looking south, September 19, 1912, 
station 1778+80. 


Culebra slide of September 18, 1913, caused this 
island to be pushed up where the water had averaged 
30 feet deep. 


Canal nearly closed by east and west Culebra slides, 
October 5, 1915. View looking south, Gold Hill on 
the left, Contractors Hill on the right. 


Canal closed by east and west Culebra slides, 
November 18, 1915. View looking south. 


West Culebra Slides (Deep Deformation Type) 


General view of sliding in front of Zion Hill, shown 
on the left. Looking north from Contractors Hill, 
Culebra headquarters building in the distance. Note 
large masses of basalt, weighing hundreds of tons, 

slowly from the ’ face of Zion Hill toward the 
Canal, riding on soft, plastic Cucaracha rock, July 
3, 1916. 
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Plate 14 Shows the tilting of great blocks of Cucaracha rock 

13- x 80 toward the Canal, The back part of the front block 
A, is several feet higher than the front part of the 
back block B, Note the great mass of basalt C, 
weighing thousands of tons, which split off from, Zion 
Hill D, and is moving slowly canalward on plastic™ 

acha rock, Looking south toward Contractors 

Hill, August 8, 1915. 


Plate 15 Shows some details of the sliding in front of Zion 
13- x 105 Hill, October 24, 1915. “on 


Plate 16 Shows enormous blocks of hard basalt weighing tens 

13> x 132 of thousands of tons moving slowly canalward from 
the | face of Zion Hill, shown on the left. Culebra, 
upper left, July 3, 1916. 


Plate 17 Shows ane reat fissure which opened in the solid basalt 
43- 21210 of Zion > Owing to the squeezing out of under 
Aying Cuicaracha rock, The block to the right of the 
ssure is on its way toward the Canal, moving 
extremely slowly, October 22, 1936. 


Plate 18 Shows slide in front of Zion Hill as of January 26, 
43- 2 12h2A 1937, about as it now is, 


Plate 19 Shows crack in ground June 12, 1915 a few hundred 

132- x 78 feet from edge of cut, which is down to the right. 
Such cracks mark the beginning of large deep 
deformation Slides. 





Plate 20 Shows terracing of upper banks, Gaillard Cut, to 

38- T ameliorate sliding, June, 1912. View from Contractors 
Hill looking north. Culebra, in the distance, left 
of center. This terracing relieved the sliding 
condition for a while, but deepening of the cut 
again induced sliding. 


Plate 21 Shows state of sliding, west Culebra, September 26, 
13- x 25 1912. View looking north from Contractors Hill. 
Culebra, upper left. 


Plate 22 Shows state of sliding December 20,1915. Hard rock 
38- x 45 of Gold Hill standing on the right. 


East Culebra Slide Deformation 8 


Plate 23 View looking south fram Hodges Hill, Culebra, toward 

x x2 Gold Hill, shows condition of slope just north of 
Gold Hill, before large slides developed there, 
March, 1913>°A, the agglomeratic tuff bed in the 


Cucaracha rocks; B, the basalt ring-dike of Gold Hill 
Close to its contact with the Cucaracha rocks. ° 


~ 
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Plate 24 
13- x 73 


Plate 25 
13- x 56 


Plate 26 
13- 124 


Plate 27 
383- M 


Plate 28 
13- x 128 


Plate 29 


Plate 30 
L3- z 185 


Plate 31 
L43- 2 720C 


Small slide in Cucaracha rock north end of Gold Hill 
December 9, 1913. Note how the basalt ring-dike A, 
bordering Gold a Overhangs the softer Cucaracha 

rock B. 


Sliding on east bank, opposite Culebra, May 27, 1913. 
Looking southerly toward Gold Hill. Note how rail- 

road tracks have been put out of action and drainage 
obstructed, also the high steep back slope left standing, 
which will help generate another slide, 


Shows slide on east bank just north o 
which stands steeply on the right, Tuly 3, i916. 


East Culebra slide, looking north from Gold Hill, 
June IS, 1923. Note the steepness of the escarpment 
which bounds the slide on the right. This is a 
fault scarp, with the downthrow on the left. The 
large area and flatness of the top of the slide, 
with the ponds of water that stand upon it, are 
noteworthy, In its report (page 17) the Committee 
of the National Academy of Science recommends, 

"that surface water be diverted or carried away from 
the outer cracks and the moving slides, by all 
practical means," 


East et slide, looking south toward Gold Hill, 
July 3, 1916, Note how the Gold “ill basalt, over- 
hanging Cucaracha rock, slumped down after squeezing 
Out the latter, Also, note the light colored weathered 


Gold Hill. 


fast Culebra slide just north of Gold Hill, March 12, 
1923. Note the ‘steep high face overlooking the 
Material which slid. This face is a fault scarp 
(see map Plate 1). It would probably have slid also, 
but for the fact that, excepting the upper third, it 
is composed of stronger Culebra beds. 


About same view as plate 29, but taken at a different 
angle, five years later, June 30, 1928. Note the 
flatness of the top of the slide. o> 


East Culebra slide, June 13, 1933, looking toward Gold 
Hill, seen on the right. Shows the southerly dip of 
the beds. Ce ee 


-_— — 








Plate 32 
43- C 


Plate 33 
L3- = 


Plate 34 
43- K 


Plate 35 
43- r 103 


Plate 36 
43 213 


Plate 37 
Drawing 


Plate 38 
Drawing 
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Struct ides 

La Pita slide, west bank, May, 1910, (Appeared in 
U. S. Bureau of Mines Bulletin 86, now out of print.) 
(a) Diagonal fault plane which greatly weakened the 
rocks and into which water seeped from diversion 
ditch at (c). (b) Smaller fault plane, at right 
angles to canal prism. (d& d, ) Andesitic breccia, 


4 TT ee ee ke t if it had not been 
weakened by faulting. is the underlying volcanic 
Sgghomerate which finally failed, when it became 
softened by water seeping in from the Obispo Diversion, 
¢, Letting down a block of rock 90 feet high and 
containing 2 20,200 cubic yards. 4 


Break in east bank, at La Pita, (Station 1651) August 
“a, 1912; involving ‘about “300,000 cubic yards of rock. 
Note the railroad tracks and cars déstroy 

water pouring in from the involved Obispo Diversion, 
The basal agglomerate here is overlain by an andesite- 
breccia. flow, a fairly strong ‘rock, Faulting weakened 
these rocks, and water from the Obispo Diversion 
seeped down the fault planes and eventually softened 


the underlying hydrated agglomerate, until it finally 
failed. 


View at the toe of the slide shown in Plate 33, August 
22, 1912. Shows the coarse character of the rock 
material in the slide, which moved over the railroad 
tracks and filled the drainage ditch, also water 
pouring in from the Obispo Diversion. 


_Powderhouse slide, view from west bank, July 14, 1926. 
“This slide oceurred in weathered tuff beds which dip 


toward the canal, It fs @ new slide in an old sliding 
area. 


Another view of the Powderhouse slide, showing the dip 
toward the canal of the weathered tuff beds. This 
structural condition caused the sliding. 


Shows geological conditions at the Powderhouse slide. 


= ee ee 
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Cucaracha Slide (Mudflow Type) 


Plate 39 Cucaracha slide on the right, before serious sliding 
38- 0 began. View looking north December 8, 1911. Gold 
Hill on the right, Contractors Hill on the left. 


Plate 40 Cucaracha slide February 2, oe Shows the mudflow 
38- x 5 character of the slide. ; aie 


Plate 41] Cucaracha slide as of February 7, 1913. Shows many 
38- x 6 railroad tracks and a steam shovel put out of action. 
Plate 42 Shows canal closed by Cucaracha slide October 28, 1913, 
38- x 12 a> anes aoe a 









Plate 43 Cucaracha 1) slide as of February 8, 1914. 
38- x 2 <i 










Plate 44 Cucaracha slide as of March 19, 1921, after the 

80- a 96 removal _ of over ten million cubic yards of sliding 
material. A, Basalt ; B, Gold Hill agglomeratic tuff, 
fairly well bedded with. the bedding planes crumpled 
and nearly vertical. The basalt shows columnar 
jointing. 


Barge Repair Slide (Combination Type) a 


D 
Plate 45 Break in east bank between stations 1746-1758. pot be be Jf, 
13- x 37 Top view of rear portion of slide, looking north. — Jia 
Shows how the fissure, bounding the slide, has ( 
widened, Two million cubic yards of material are 
moving toward the canal (left), February 6, 1913. 


















Plate 46 Another view of Barge Repair Slide, between stations 

13} x 46 1746 - 1758, February 7, 1913. A fault plane B 
limits the slide on the r{ght. Another small fault 
C occurs on the north. D shows strengthening lime- 
stone beds in the Culebra formation, which still ~ 
stand fairly steeply. See Plate 53 and map Plate 1. 










Plate 47 A close view of the upper bank, Barge nepair slide, 
1 x 35 February 6, 1913. Shows how the material broke into 
large blocks, which are moving toward the right. 





Plate 48 Close view of the toe of the Barge Repair slide, 
13—- x 51 March 13, 1913. Shows how the railroad tracks have 
been destroyed. ee 


eo 
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Plate 49 
13 x 32 


Plate 50 
13 x 34 


Plate 51 
43- Y 


Plate 52 
43- 2 720A 


Shows upheaval of the bottom just beyond the toe of 
the Barge Repair slide, February 6, 1913, Railroad 
tracks and one steam shovel put out of action, 
Another view, looking south, of the conditions shown 
by Plate 36, February 6, 1913. Note the wave-like 
upward bulge in front of the toe of the slide, which 
is moving in from the left. The upward movement in 
front _of the slide indicates that as deep dée=—~ 


formation characteristics, though it started as a 


structural siide, it is therefore a combination type 
—!.” 


View of Barge Repair slide as of April 25, nDeits 
Slide limited on the right by a fault plane, and 
by the fairly strong sandy limestone beds, D, D shown 
by Plate 46. 


Barge Repair slide as of June 13, 1933. B shows 
limiting fault surface on the south, C shows 
approximate location of limiting north fault, which 
crushed and weakened the rocks and rendered them 
much more subject to erosion. 
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PANAMA CANAL SLIDES 


INTRODUCTION 


The report of the National Academy of Sciences (1) on 
the Panama Canal slides contains a great deal of information on 
their causes, character, and effects, togethef with many pictures 
and illustrations of them, Since that report was completed (1916), 
the new applied science of soil mechanics has come into being, 
and the study of exceedingly fine-grained rocks and clays with 
the petrographic microscope and by X-ray methods, has greatly ad- 
vanced, These new methods of attack have added much to our know- 
ledge of the behavior of clayey and plastic rocks, It is therefore 
appropriate that a final report on the Panama Canal slides be pre- 
pared in the light of present knowledge, in order to have this 
data at hand for the canal enlargement program, as well as to make 
it available to the engineering world for future reference, The 
vast scale on which these slides occurred, during and for some years 
after canal construction, makes them unique in world engineering 
history. 


During the period of maximum sliding, the Canal Commission 
was deluged with letters on how to stop the slides, Out of the 
hundreds of such communications received, only one, from an English 
Engineer, Sir Francis Fox (2-19-16), indicated that the writer had 
& proper mental grasp of the situation, He advocated the same kind 
of treatment that was then being applied to remedy the slides, A 
quotation from his letter is as follows: 


"Every possible effort should be put forth to prevent 
any initial movement taking place, Should such movement occur 
then the value of 'stiction' is at once lost and trouble is 
sure to be encountered, the angle of repose being immediately 
flattened out, There is a certain cutting in the neighborhood 
of London in which the slopes were at the outset left at 
too steep an angle, with the result that movement commenced 
and continued for over 50 years, until at last all semblance 
to a cutting has gone. Instead of being - 2 horizontal on 
1 vertical - the two sides of the cutting have attained a 
slope of 12 to 1, and today have the appearance of almost 
level pasture fields." 


The successful completion of the Panama Canal ranks among 
the great engineering feats of history. However, it is a law of 
progress that man's works, however perfect they seem at the time, 
are vulnerable to hindsight criticism, which can usually indicate 
how they might have been improved. It is well that this is so, 
for we learn from past events and from finding out the causes that 
produced them, (See Plates 2, 3, and 4.) 
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EFF&CTS OF THs SLIDES 


The slides caused the closing of the Canal on seven 
different occasions after it was opened for traffic in 1914. 
The last closure, for two days only, was in November, 1931. 
According to the Dredging Division, the amount of slide material 
actually removed between July 1, 1913 and the same date in 

1940, was 51,400,000 cubic yards, The amount of slide material 
removed up to July 1, 1913 is given as a little more than 
23,000,000 cubic yards (Report of the Committee of the National 
Academy of Sciences, (1), Page 67), thus making a total of 
7,400,000 cubic yards of slide material that has been removed, 
The total estimated excavation in connection with the Third 
Locks Project is only 71,766,000 cubic yards. The enormous 
yardage of sliding material, coming down at various times and 
places, adversely affected canal construction in many ways. 

The effects of the slides may be summed up as follows: (a) Scores 
of millions of cubic yards of material had to be removed, over 
and above that originally estimated; (b) there was a delay of 
nearly two years in getting the Canal into relatively con- 
tinuous service; (c) the excavation program was disrupted for 
days and weeks at a time by the blocking of same of the main 
haulage tracks; (d) steam shovels, locomotives, drilling machines, 
railway cars, pipe lines and other equipment were destroyed; 

(e) many millions of dollars in tolls were lost during periods 
of enforced closure; (f) the confidence of the American people 
and its Congress was shaken by the delay in achieving continuous 
service; (g) the costs were tens of millions of dollars more 
than they would have been if the work had been based, from the 
beginning, on our present "hindsight" information and experience 
and newer research methods. Colonel Gaillard, who had charge 

of the Central Division, in which most of the slides occurred, 
writing to his chief, General Goethals, on September 26, 1912, 
says: 


"So far as my own experience...is concerned...I know 
of no one single thing which has done so much to 
complicate the engineering problems of our work, or to 
hinder and lessen the yardage output, as the slides. . 
Three times the Obispo Diversion has broken into the 

canal on account of slides, on each occasion compli- 
cating engineering problems connected with the work, 

Five relocations of the Diversion on the east side of 

the canal, between Gold Hill and Bas Obispo, under very 
trying circumstances and at unfavorable seasons of the 
year, have been necessitated on account of the slides, 
Miles and miles of track have had to be built, rebuilt, 

or have been destroyed on account of the action of the 
slides, I do not think it any exaggeration to say that 
nearly 200 miles of track work, of the character just 
outlined, has been necessitated since the commencement 

of the work, solely on account of slides," 

-2- 
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A letter from Acting Governor, Chester Harding, 
dated September 23, 1916, to an inquirer in New York, states: 






"Excavation, both intended and from slides, was 
heaviest between mile-posts 36 and 38, where the 
canal crosses the continental divide, The slide ex- 
cavation to July 1, 1916, within the limits of mile- 
posts 36 and 38 was 134% of the intended excavation, 
The total intended excavation for Gaillard cut, to 
July 1, 1916, was 74,445,805 cubic yards and the 
excavation from slides 47,880,475 cubic yards or 64. 3% 
of the intended excavation." 


(File 9-L-1, Part 4) (See Plates 5 to 12 inclusive) 


Factors Which Caused the Slides 


The slides are intimately related to the complex 
geological conditions of the region. The various rocks cut 

by the canal excavation differ greatly in hardness, crushing 
strength, composition, and origin. In planning for the Canal, 

the Board of Consulting Engineers set slopes for the excavation 

at 3 vertical on 2 horizontal, for all the rocks to be cut 

through, and for all depths of cut. (Figure 1.) The stronger 

rocks, along parts of Gaillard Cut, are still standing at that slope, 
and at slopes that are considerably steeper locally. The weaker 
rocks have long since crushed down to much flatter grades, 

If one were to arrange in brief tabular form the factors which 
caused the slides, they would be about as follows: 

























a. The degree of weakness of the rocks which slid, 
due to: 


(1) mineral comvosition and grain size; 
(2) water content and character; 
(3) structural condition. 





b. Depth of the excavation, and the angle of slope 
thereof’, causing excessive unbalanced stresses at the toe 
of the slope. This gives the same effect as loading beyond 
the strength of the materials forming the base of the cut bank. 


c. Time necessary for sufficient deformation and 
weathering to occur, to weaken the rock and lessen its cohe-- 
siveness, The time element may be only a few minutes in 
length, or it may be many years. Within the last few years 

' slides have occurred in a railway cut, opposite the railway 
station at Gatun, after about thirty years of slope stability. 
This cut was completed over thirty years ago. 
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QU OF GEOLOGY 


General Statement 


The Canal Zone is an area of complex Tertiary geology. 
Fine-grained, igneous rocks (those that cooled from a molten 
condition) are abundant, but not widespread. Various types of 
agglomerate (volcanic ash containing large fragments, more or 
less consolidated) oceur. Tuffs (volcanic ash consolidated into 
rock) of many colors and compositions, are in profusion. Shales, 
mostly soft and rich in organic remains, are present. Limestones 
are known locally. Many of the beds are lenticular, All these 
rocks occur in relatively small areal units, with the exception 

of the Gatun formation, which covers a fairly wide area, between 
Gatun Lake and the Caribbean Sea, Some of the contacts between the 
various rock units are fault zones. The lava rocks are considerably 
cracked by cooling joints. The shales are soft, brittle and 

not particularly strong. Many of the tuffs are altered and 

locally weak, Faults have cracked, broken, and weakened the 

rocks in local areas, A considerable sinking of the land occurred 
in late geologic time, (the Pleistocene) so that now old valleys 
filled with black muck to depths from a few feet to a couple 

of hundred feet are not uncommon, 




















The difficulties attending engineering projects in 
such complex geology, are further aggravated by heavy rainfall, 
"On the Canal Zone there are two seasons - one short and 
relatively dry, the other long and wet. The dry months are 
January to April, inclusive; the other months are wet. The 
wettest period is from September to December. Most of the 
rain falls during the day, between 10 a.m. and 4 p.m., but it 
may fall at any time, The average yearly precipitation over a 
number of years for Panama is as follows: Ancon or Panama City 
(Pacific side), 71 inches; Culebra, 90 inches; Monte Lirio, 

135 inches; Colon, 129 inches; Porto Bello, 170 inches." 
(MacDonald(7)) 

















Engineering projects in areas like the Canal Zone have 
to reckon with conditions of soil and rock instability, and 
particularly with landslide and foundation hazards. These 
hazards may be ascertained, and plang may be made to circumvent 
them, through detailed, geological study based on all available 
data, including cores from well-placed drill holes, Such a 
study is the first step necessary in areas of such complex rock 
conditions, before complete design plans or accurate cost 
estimates are feasible, 


Determination of Safe Slopes 


The ideal slope for the cut banks of any excavation 
is that which will remain stable for many years, and which, at 


oh 
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the same time, involves a minimum of excavation, Movement of 

a high bank due to excessive load on its base greatly weakens 

the material of which it is composed. The final slope required 
for such strained material will be much flatter than the steepest 
slope at which the bank would have stood, if it had not been 


weakened by movement. This point will be brought out in greater 
detail in later pages. 


To set stable, and yet economical, slopes for the 
various types of rock to be cut through, required much study. 
The angle of slope in many cuts, valleys, and on hillsides, 
through various rock materials, where the banks have remained 
stable, and where they have slid, was measured, A study was 
then made as to why slides developed in certain cuts and steep 
places, while the slopes remained firm in others. Old and 
often obscure slide scars on same of the hillsides told their 
story of weak rocks which slid, as natural erosion had deepened 
the valleys in the slow course of the centuries, The great 
majority of the slides that occurred along the present canal 
were found to be related not only to areas of weak rocks, but 
also to structural conditions of the rocks, such as faults, 
joints, bedding inclined toward the excavation, amount of seepage, 
groundwater conditions, etc, After digesting all the 
available information along the lines indicated and knowing 
how each type of rock along the present canal had reacted 
to stress in the past, this writer proceeded to set slope for 
the various formations that would be cut threugh in making 
the new Third Locks excavations. These slopes he believes are 
safe, while at the same time, they will involve a minimum 
of excavation. It must be kept in mind that the slopes 
tabulated for the various formations in the pages that follow, 
are those for rocks with average structural weakness. Important 
local weaknesses, in general, cannot be determined, until after 
excavation has uncovered them, due to the soil and plant cover 
at the surface, That is why the specifications for the new 
third lock excavations state that the slopes may be modified 
at any time by the contracting officer, These modifications 
probably will be local. They will be needed where fault zones, 
joints, inclined bedding, etc., have weakened the rocks, The 
amount of slope modification will depend on the degree of 
weakening. This will call for study of the slopes as excavation 
proceeds, and for mapping all zones of weakness, direction and 
inclination of faults, joints and bedding. All dikes and other 
hard rock masses that may have a buttressing effect against 
sliding, should also be mapped as uncovered, and studied in 
connection with the slope problem, In certain places the weak 
shales and tuffs have been baked, hardened and locally strengthened, 
where they came into contact with fairly large dikes or masses of 
hot lava, now hardened into rock, 
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The factors which govern the proper angle of slope 
are essentially the same as those already listed, as causing 
the slides (Page 4). However, in a study to arrive at a proper 
slove angle, consideration should be given to the factors in 
the following order: 














a. The camposition and character of the material 
in the slope; 


b. The depth of the excavation; 


c. The structural condition of the rocks, whether 
jointed, faulted, bedding tilted toward the excavation, etc.; 


dad. The moisture content of the rocks, seepage condi- 
tions, etc.; 


e. The length of time during which the slope will be 
under stress, 





An excavation that is to be backfilled in a month or two, 
or & year or two, may be left with steeper slopes than one that is 
to remain open indefinitely. The aim must be to keep just inside 
the yield point for the material, throughout the time involved, 

so that the slope will remain stable, 


Las Cascadas Agglomerates 


The oldest rocks in which considerable sliding occurred 
are the Las Cascadas agglomerates which seems to be a part of the 
igneous complex that forms the central core of Panama, They occur 
along Gaillard Cut between the old towns of Empire and Las Cascadas, 
and are made up of many showers of volcanic debris, They show 

rough bedding and have a wide range of stability, hardness, and 
composition, || Greenish-to-gray and mottled agglomerates, believed 

to have about the composition of andesite, are the daminant rock 
masses in this formation. They contain angular to subangular 
fragments up to several inches in diameter, set in a fine-grained 
ground mass, (Ref. 17 p. 20) Hydrothermal (hot water) alteration 
seems to have weakened these rocks locally through the formation 

of some of the clay minerals, Interbedded with them are red and gray 
tuffs in beds and lenses, same of which dip at considerable angles, 
Sandwiched in with the above, at various places, are andesite flow- 
breccias, fine-grained, grayish and some fairly coarse-grained, 

dark andesite flows, and some flows which weather relatively rapidly 
into fine, gray, ash-like material. The latter seem to be volcanic 
mud flows, for they show vertical columnar jointing, formed as 

the material cooled, shrank and hardened to its present condition, 
(MacDonald (17) p.66) The Las Cascadas agglomerate is extremely 
variable in strength and stability. Therefore, it would be futile 

to attempt to set predetermined slopes which would be safe for 
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all parts of it, and which, at the same time, would give a minimum 
of excavation, Most of the agglomerate is fairly strong, but 
faulting and other causes have considerably weakened it locally. 
Slopes in such weakened areas must be set by the geologist in 

the field,after excavation uncovers the degree and extent of the 
weakened areas, 


Bohio Formation 











No slides developed in the Bohio formation, It is 
mentioned here because it is believed to be the oldest bedded 
formation on the Canal Zone, also to camplete the list of Canal 
Zone rock formations. |/ 


The lower part of the Bohio formation is a succession of 
coarse conglomerate beds separated by sandy and shaly layers. The 
cobblestones and pebbles are for the most part waterworn fragments 
of basic igneous rocks. 






The upper part of the formation consists of limy shales 
to shaly and sandy limestones, and some fairly pure limestone beds. 
Olsson (20) regards the fossils from these beds as probably of 

Oligocene age while Reeves and Ross (21) refer them to the Eocene, 





The total thickness of the Bohio is unknown, but is 
probably 500 feet or more, 






















Culebra Fo 





The Culebra formation (plate 1) rests unconformably 
upon the Las Cascadas agglomerate. (MacDonald (17) p. 2h.) 
That is, after the agglomerates were deposited they were eroded 
and worn away for a long time before the shales began to be 
laid down, The Culebra formation consists mostly of soft, 
carbonaceous, well laminated shales with some pebbly and 
tuffaceous layers. Limy concretions also are fairly plentiful. 
The upper part of the formation contains beds and lenses of 
sandy limestone, 3 to 10 feet thick, separated by partings of 
dark, soft, carbonaceous shales and some well laminated tuffs. 
These shales weather and crumble in a year or two when exposed / 
in the atmosphere to wetting and drying. || That this formation ’ 
was deposited under near shore marine conditions, in Oligocene 
geologic time, is evidenced by the remains of oysters, crabs, 

and other marine animals of that time. Between the marine beds 
are some layers rich in plant remains, suggesting shore swamp 
conditions and indicating that the land oscillated above, and 
below sea level as these beds were laid down, When dug into, this 
formation gave off a small amount of natural gas, and in sane 
small areas it emitted an odor of petroleum. In certain local 
areas these rocks oxidized so rapidly, when exposed to the air, 
that they became heated sufficiently to burn off much of the 
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carbonaceous matter which they contain. This changed their color 
from dark to grayish-red. The ireddish coloring is related to the 
oxidation of very fine crystals of iron pyrite, or marcasite, 
disseminated through the dark shales, Considerable sulphur dioxide 
gas was emitted from the heated, smoking mass, which locally got 
hot enough to char wood, Before loading the drill holes with dyna- 
mite, in the zones where heating occurred, small iron pipes were 
put into them for a few minutes, then passed through the hands 

as they were withdrawn, If the pipes had become fairly hot, the 
holes were left to cool before loading. 


Though the rocks of the Culebra formation are not parti- 
cularly strong, they gave rise to few large slides, The reasons 
for this are: (1) they are poor in the slippery minerals of the 
bentonite group; (2) they are somewhat coarser grained and therefore 
contain less absorbed water than the rocks which slid most; (3) 


they are stronger than the Cucaracha rocks, which gave the largest 
slides. 


Below are given slopes believed safe for excavations in 
Culebra rocks, and also involving a minimum of yardage, 


Safe Slopes for Sound Culebra Rocks 


Depth of Cut Feet Vertical Horizontal 

50 1 on 0.3 
100 1 on 1.0 
150 1 on 15 
200 1 on se9 
250 1 on 2.3 
300 1 on 2.6 
350 1 on 2.8 


Slopes for Weathered Culebra Rock 








Depth of Cut Feet Vertical Horizontal 
20 1 on 0.5 
4,0 1 on 0.8 
60 1 on 1.2 
80 1 on 1.6 
Slopes for Clay Overburden Weathered from Culebra Rock 
Depth of Cut Feet Vertical Horizontal 
20 1 on 0.7 
40 1 on 1.1 
60 l on 1.5 
80 1 on 1.9 
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In any place where the Culebra rocks are weaker than 
average, through faulting, excessive weathering, or other cause, 
the slopes in that area must be made flatter than those given 
above, The degree of flattening necessary will depend upon the 
amount of weakening which the rocks have undergone. In such 
cases the geologist will determine the best slope to use, after 
excavation has proceeded far enough to reveal the true conditions, 


erador Limestone 


Lying unconformably on the Culebra shale is the Emperador 
limestone, It has a maximum thickness of sixty feet or more, but 
is much thinner locally. It is more or less platy limestone, which 
contains many fragments of branching corals and coral heads, as 
well as some oysters and other marine shells, || Aoparently it was 
deposited in local marine waterways, of late Oligocene time, 
possibly between islands, This would account for its variable 


thickness, and its absence in many places where one would expect 
to find it. 


The Emperador limestone outcrops in Gaillard Cut, near 
Las Cascadas, also in the Masambi river opposite Empire, along 
the Panama Railroad a mile or more north of Darien, and in sane 
other places. It did not take part in any slides, but is mentioned 
here to complete the geological succession, and because it may 


eventually have value as a raw material for the manufacture of 
cement, - 


Cucaracha Formation 


Younger than the Culebra beds, and lying sanewhat un- 
conformably upon them, is the Cucaracha formation, (Plate 1.) 
For the most part, it consists of soft, fine-grained, hydrated, 
tuffaceous sediments, laid down on land to a thickness of over 
four hundred and seventy-five feet. It contains at least three 
different horizons of carbonaceous to lignitic shales, one to 
four feet thick. These might be referred to as fossilized swamps, 
Also there are zones where the normal grayish-green color of the 
rocks has been changed to reddish. These reddish horizons, one 
to three feet thick, are believed to represent old land surfaces 
which persisted for some time before being buried by succeeding 
beds of fine pyroclastic (volcanic ash) material, The greenish 
tint of the normal rock is due to its content of iron-bearing 
silicates, Where these have been affected by atmospheric activity 
they have been changed from green to red. Locally, the formation 
contains lenses of gravel and layers of sandy material, A marked 
feature of the formation is a relatively hard and well-cemented 
bed of agglomeratic tuff, averaging about 25 feet in thickness, but 
varying between a minimum thickness of 7 feet, and a maximum of 
34-1/2 feet. It occurs about 280 feet above the base of the formation 
and is dark colored in its upper part, but changes gradually to 
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light gray in its lower two thirds, The bed contains dark to 
greenish volcanic fragments and a few pieces of charred wood which 
has been relatively little mineralized. The tuff is so well 
consolidated and dense that it looks much like a lava flow which 
had picked up some foreign rock fragments, Howe (13), Hayes (10), 
and MacDonald (17) refer to it as a lava flow. Presumably, 
therefore, it represents a shower or series of showers of hot 
volcanic ash, which became firmly cemented together on cooling. 
This bed is sanething of a strengthening factor, but is too thin 
to be of much help against the big slides, except where it occurs 
at or just below the bottom of the excavation. The Cucaracha 
formation rests unconformably on the Culebra shales of Oligocene 
age, from which it is separated by 1 to 8 feet of conglomerate 
containing well rounded pebbles up to an inch in diameter and 
many broken oyster shells. The land deposited origin of the 
uoper 3/4 of this formation is indicated by the absence of 

marine fossils, the massive character of the bedding, the presence 
of lignitic shales, the oxidized old land surfaces, and sane 
small local unconformities at various horizons within the formtion, 
Presumably it is younger than the Emperador limestone and may be 
Lower Miocene in age. However, the age relations of this 
formation with the Gatun, the Caimito and the Panama formations 
are not yet definitely known. 


Analyses of Cucaracha Rocks 


The following analyses of the Cucaracha rocks were made 
by the U. S. Geological Survey about 1912. They anpear in the 
Report of the Committee of the National Academy of Sciences (1), 
page 54. 


i it iit W y vi 
$10, 52.41 61.22 53.13 48.36 50.44 48.83 
A104 18.18 13.08 16.65 18.98 17.82 13,63 
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0) 3.67 90 312 1.59 1.27 3.7 
) 1.59 085 =: 1.80 00h =: 1.25 3.32 
Cad 1.62 1.99 2.3% 1.84 led 4-36 
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I zm ow Iv v vi 
P20, Trace. ----- 206 «22 O04, 222 
S03 000 wae ----- 612 wwe eee | wees 
Cr303 ----- ween een ee 04 ---— 
MnO 220 Trace, 205 ----- 202 ----- 


100.64 99.66 100.34 99.57 100.26 99.70 


I, Collected from Gaillard Cut, near the southern edge 
of Gold Hill, at elevation 95 feet. Soft, greenish, massive, soapy, 
clay-like rock, typical of the Cucaracha formation. 


II, Same as I, Collected in Gaillard Cut 1,000 feet 
north of Gold Hill and about 6 feet below a lignitic shale bed in 
the Cucaracha formation, It is fairly typical Cucaracha rock, 


III. Compound sample made up of about a score of samples 
of the typical greenish Cucaracha rock selected fram various parts 
of Gaillard Cut. 


IV. Soft red clay rock beds which are found locally 
interbedded in the green clay rock of the Cucaracha formation. 


V. Same type of rock as IV, but a compound sample 
made up of half a dozen samples selected from the red bed in the 
Cucaracha formation as exposed in various parts of Gaillard Cut. 


VI. Collected from dark reddish, somewhat harder 
and better cemented zone that immediately overlies the relatively 


impervious, light-colored, agglomeratic tuff bed in the Cucaracha 
formation, 


The above analyses indicate that the original volcanic 
ash which went to form the Cucaracha formation had about the 
composition of andesite or basalt, and that it contains a high 
percentage of water which cannot be drained out. Originally it 
probably consisted of tiny grains of glassy material blown out 
of volcanic vents from time to time, possibly as a spray of 
molten lava, This fell in showers over the surrounding country 
and was subjected to hydration and weathering. 


Recent geological literature contains much on the 
alteration of tuff beds into kaolinite clays and bentonitic clays. 
A recent paper on this subject, of decided importance and with a 
bibliography, is that of Schroter and Campbell (23), page 88. 


The alteration of the volcanic glass particles into the 


present hydrated, slippery, poorly-cemented mineral grains that 
form the Cucaracha formation, may have been due to contact with 
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acidic groundwater, The Cucaracha formation lies in a syn- 
clinal basin, underlain by the Culebra shales which are rich 
in organic remains. Naturally the groundwater of such a 

basin would contain some organic acids, It would inwade the 
volcanic ash beds deposited therein, at least up to the 

lowest part of the basin rim. The swamps which were formed 

at several horizons in the Cucaracha formation, now represented 
by lignitic shale beds, probably helped acidify the ground- 
water. Two samples of groundwater, taken from the Cucaracha 
beds, gave an acid reaction, (Report of the Committee of the 
National Academy of Sciences, page 55.) Groundwater fran un- 
disturbed Cucaracha rocks required 1.95 cc of N/100 alkali to 
neutralize 100 cc of it. Groundwater from sliding Cucaracha 
rocks required 11.4 cc of the same alkali solution to bring 
100 ce of it to neutrality. Apparently these conditions 
resulted in the formation of hydrous, slippery minerals, par- 
ticularly those of the bentonite group from the former glassy 
particles, with the removal in solution of much of the original 
calcium, magnesium, sodium, and some potassium and silica, 

The mineral changes thus brought about greatly weakened the 
beds affected, giving the peculiarly unstable Cucaracha formation, 


Microscopic Wo Rocks 1 


It is interesting to recall the microscopic work done 
on the Cucaracha rocks in the past, (Report of the Committee 
of the National Academy of Sciences, page 58, Appendix C, by 


Mead and MacDonald). 


"icroscopic examination of the unoxidized material 
revealed a highly altered rock. In a cloudy ground- 
mass some angular fragments of feldspar and a con- 
siderable number of quartz fragments 0.03 to 0.1 milli- 
meter in size were noted, The feldspar seems to be 
largely plagioclase and shows more or less serici- 
tization. Local aggregates of minute flakes appear 
to be muscovite or paragonite or both. A few small 
patches of green chlorite were noted, and other cloudy 
slightly greenish areas may be chlorite. The gray to 
slightly dark greenish, cloudy matrix appeared, in the 
main, to be Kaolin, and this determination was later 
verified by the chemical data. Calcite was observed in 
some of the sections, as well as a few fragments which may 
be epidote, Minute grains having some resemblance to 
titanite were seen, and a few black specks of magnetite. 
In general the microscopic determinations were difficult 
to make and are unsatisfactory owing to the cloudy and 
decomposed character of the minerals, In many of the 
sections certain of the larger grains (up to 0.5 
millimeter) were observed to be slightly rounded and to 
consist of highly altered fragments of basic rock or 


~~ 















LONG-RANGE PROGRAM FOR THE PANAMA CANAL 555 


basic mineral. Many of them are inclosed or partially 
inclosed in a thin film of translucent, slightly duble 


refracting substance." (Possibly montmorillonite 
minerals. ) 


To quote further from the above report by Mead and 


MacDonald, regarding the physical constitution of the Cucaracha 
rocks: 









in colloidal material: 











"The typical Cucaracha rock in its original saturated 
condition is readily mashed in water into a more or less 
plastic, claylike material, without subjecting it to 
anything in the nature of fine grinding. If this clay- 
like mass is further washed with water, it yields a resi- 
due of sand consisting of more or less angular quartz greins 
and grains of magnetite, many of the latter showing crystal 
faces, The claylike material is derived from the matrix, 
and from thoroughly altered mineral fragments, If a 

dried specimen of the rock is examined under a binocular mi- 
croscope, small grains of quartz and magnetite and rounded 
grains of light and dark greenish minerals are observed in 

a soft matrix which has a hormy or waxy appearance and 
texture, and in which no individual grains can be seen 

even under considerable magnification, The whole rock 

shows much evidence of shrinkage due to drying, as there 

is a myriad of minute cracks extending in every direction, 
The majority of grains on being tested with a needle point 
are as soft as the matrix material and very closely resemble 
it in texture and appearance. The only hard grains observed 
are magnetite and quartz although other unaltered mincrals 
are undoubtedly present in minute amounts," 


“hen a sample of Cucaracha rock, which has been dried 
at room temperature in an atmosohere of comparatively low 
humidity or at 100° C. in a drying oven, is placed in 
water it disintegrates very rapidly, yielding a fine- 
grained mud. This disintegration is so intimate as to 
practically separate the individual grains, and the sand 
grains are then easily separated by washing without further 
crushing. This phenomenon accounts for the ease with which 
mud flows are developed on the dried devegetated surfaces 


of the slides by the action of heavy rains at the beginning 
of the rainy season." 


Mead and MacDonald found the Cucaracha rocks to be rich 


"If the undried rock is mashed to a paste and shaken 
up in water, a considerable proportion remains in sus- 

pension for a long time, Only a part of this suspension 
is held on the finest filter papers, After filtering through 
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double thickness of Schlucher and Schull No. 597 filter 
paper and double thickness of hardened filter paper No. 
575 of the same make, the resulting suspension was of 
about the translucency of milk." 


"On settling in a 2-inch tube, s clear slightly 
opalescent zone appears at the top bounded below by 
a definite upper surface of the slowly settling material, 
This surface moves downward at the rate of about 0.05 
inch per day. The slightly opalescent zone at the top 
does not clear by settling, and examination with the 
ultra microscope shows that it is very rich in colloidal 
material." 


DRAINAGE OF CUCARACHA ROCKS 


. A great deal of unsolicited advice was offered to the 
Isthmian Canal Commission on how to stop the slides, Many eminent 
engineers advocated drainage, It was therefore decided to in- 
vestigate the possibilities of remedying the slides by drainage. 
A description of this investigation is taken from the Report 

of the Committee of the National Academy of Sciences, page 62, 
Appendix C, by Mead and MacDonald, 


"Engineers and geologists who have given serious study 
to land-slide problems in most cases have found ground 
water to be a large factor in promoting the movement, and 
thorough underground drainage to be the most effective 
remedy. This is probably the reason why several eminent 
men advocated that the canal authorities try extensive 
underground drainage to stop the slides, 


"“dith many eminent men insisting that drainage be at 
least tried, it became necessary either to svend a great 
deal of money in putting in tunnels and wells to test the 
drainage idea, or to make some inexpensive tests that would 
give positive information on the ‘drainage question. In 
conference with President Van Hise, chairman of the com- 
mittee from the National Academy of Sciences, it was 
agreed that experiments of the latter type could and should 
be carried out as soon as possible, 


"Efforts were first directed toward measuring the 
free moisture content of the typical Cucaracha rocks from 
samples collected from below the water level and in well- 
drained portions of the Cucaracha above the water level, by 
determining drying losses and apparent porosity. 


"For drying the specimens a dry room about 7 by 10 feet, 
where a temperature of 100° C, could be maintained, was 
provided, Air-tight cans for taking 8 to 15 pound samples 
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of the rock and conserving its moisture content until 
the samples could be brought to the laboratory and 
weighed were made, Laboratory space for determining the 
specific gravity of the samples, both by weighing in air 


and in water and by the pycnometer method, was arranged 
for. 












"When all was ready 21 representative samples of the 
Cucaracha or sliding formation were taken from below the 
water level of the canal. The average of these saturated samples 
contained 12.20 per cent of water by weight, equivalent to 

27.9 per cent by volume. The averace of 19 samples taken 

from well above the level of ground water, where the rocks 

were much jointed and fractured, and therefore perfectly 

drained, contained 11 per cent of water by weight. As 

shown above, 12.2 per cent of water by weight fills all of 

the pore space of the rock; therefore ll per cent by weight 

fills only 90.6 per cent, leaving 9.4 per cent of the total 

pore space as having been emptied by drainage and by drying. 

Now, 9.4 percent of 27.9 per cent is 2.6 per cent of the 

total volume of the rock, This shows that natural drainage 

of the most perfect kind would not remove more than 9.4 per 

cent of the water by weight, equivalent to 2.6 per cent of 

the volume of the rock, However, most of the samples from 

the drained rock were taken very close to the surface, so 

that very likely they lost some of their water through drying 

out by the heat of the sun, for the dry season was more than 

a month old at the time they were collected. 


























"These facts show that while the sliding rocks have a 
high percentage of pore space, the vores are mostly of 
subcapillary size and are filled with water which adheres 
to the walls by molecular attraction and can not therefore 
be drained off. These experiments the writer believe to 
have established that all cures by drainage which had been 


offered to and urged on the canal authorities were practically 
futile." 










From the analyses of Cucaracha rock given on page 14 
it will be seen that the specimens sent to Washington contained 

on the average about 10 per cent of water by weight, not including 
the plus water, or water of crystallization. This is equivalent 
to 23 per cent by volume, These specimens were not noticeably 

wet when collected by this writer. They had olenty of time to 
drain on their trip to Washington, but they still contained 23 

per cent of water by volume when analyzed. 













The reason why the Cucaracha rock holds its water so 
tenaciously is that it contains a considerable percentage of very 
fine particles, even to those that are colloidal in size, These 
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are enveloped in, and penetrated by, adsorbed water films, which 
have been described as consisting of inner and outer layers. 

The inner layer is sometimes referred to as "solidified water," 
because molecular attraction holds it relatively rigid. The 
outer layer may become thicker or thinner, depending on the supply, 
the pressure, the movement of the mass, and other factors. In 
certain cases a concrete mix may appear relatively dry and mealy, 
but if sufficiently overpuddled, the movement causes the outer 
layer of the water film to be thinned, giving some “free water," 
which soon appears on the surface of the mass. In the same way, 
it is believed that the stresses set up in the Cucaracha rock, 

on account of the deep excavation, and the early plastic and 

later shearing movements that resulted therefrom, thinned the 
outside film of adsorbed water on the disturbed particles, thus 
contributing free water to help lubricate the mass. However, 
after considerable movement, the material becomes much broken, 

and small basins form on its uneven surface. These catch rain 

and surface water, which soon becomes kneaded into the moving 
mass, greatly thickening the water film around the tiny particles 
and increasing the plasticity of the mass as a whole. 





Plasticity in rocks and clays is due to the presence of 
these water films around the exceedingly tiny grains. It requires 
a temperature of something like 400° C. to remove them and thus 

to destroy the plasticity of many clays and soft shaly rocks. It 
is therefore evident that no drainage system could remove sufficient 
water from the Cucaracha rocks to prevent sliding. However, after 
the slides have developed, all ponds that may form on the uneven 
surface of the sliding mss, should be drained. Such drainage 

may retard the movement of the slide and prevent it from caming 
down with a destructive rush. After these deep-seated slides be- 
come well developed and more water has been kneaded into the 

mass through movement, they move faster in the wet season than in 
the dary. 











Microscopic Work on Cucaracha Rocks, 1940 


In the summer of 1940, twenty-one specimens, representing 
various phases of the Cucaracha formation, were collected from 
Gaillard Cut and sent to the U. S. Geological Survey for petrographic 
examination, It was hoped that petrographic microscopic studies, 
aided by X-ray work, might reveal the nature and the percentage of 
the clay minerals present in the Cucaracha rock, On October 12, 1940, 
a letter from the Director of the Survey contained the following: 


















"Thin sections have been made of most of the 
materials, and where advisable, further tests have been 
made of small grains in immersion oils, and all the 

material has been. examined under a binocular microscope. 







"The United States Geological Survey does not have 
X-ray equipment that is available for study of the materials 
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submitted. However, consultation between specialists 
on X-ray work and clay mineralogy indicated that it is 
improbable that an X-ray examination would add any 
information that would be pertinent to the problem. 


"The materials in general contain essential 
amounts of minerals derived from andesitic rocks 
and partly altered grains of fine-grained andesitic 
rock, It seems, however, that this alteration has not 
gone so far as to be nearly as serious as the presence 
af bentonitic clay in most of the samples, Some of the 
specimens are largely bentonite, and No, 18 appears to be 
almost wholly bentonitic material. Previous experience 
with bentonitic materials has indicated, however, that 
those made up of rock and mineral grains with a film 
of bentonitic clay between each grain are much more un- 
reliable and subject to movement than pure bentonite, 
Thus material represented by No. 12 would be much more 
unstable than the shale-like bentonite of No, 18. 


"Moreover, many of the specimens have a texture 
represented by clay granules with low coherence or even 
bounded by minute slickensided surfaces, This suggeste 
strongly that such material has already undergone 
movements that have greatly weakened the structure and 
rendered it more subject to further movement." 


Appendix A contains a brief description of each specimen 
of Cucaracha rock, and where collected, followed by its petrographic 
description. The outstanding weakening factor revealed by the petro- 
graphic microscope in these specimens is their considerable content 
of slippery bentonite minerals. In comment on the results of the 
microscopic studies made by the U. S. Geological Survey on the 
various specimens of Cucaracha rock sent for that purpose, it may 
be explained that bentonite is a clay-like material usually 
formed fram the weathering or the alteration of volcanic ash. 

A good discussion of bentonite is contained in the U. S. Bureau 

of Mines Technical paper 609, by Davis, Vasher and Conley. (8) 
Bentonite may be classed as a rock, because it is composed of 
several minerals, some of which are; Montmorillonite 

( (Mg,Ca)0.A1,0,.4510,.nH_0), Beidellite (3A1 0.6510. 3H0) , 
Nontronite (Fe,0,.4S10,.H.9), and Saponite (2%g0.4510,.H0). 
Montmorillonite is sanewhat variable in its physical properties and 
possibly also in its camposition. Some bentonites do not contain 


all four of the minerals mentioned, and may carry kaolinite and other 
hydrated minerals as impurities, 


The term bentonite has been broadened, within the last 
few years, to include not only the true bentonites, originally 
found in Wyoming and South Dakota, but also the so-called 
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metabentonites found in Texas, California and also on the Canal 
Zone, The metabentonites have a similar mineral composition, 
but swell much less in water than the true bentonites,. 


It is of interest to quote from Schroter and Campbell, (23) 


page ll: 


“"Pseudo—unconformity is also associated with or 
caused by plastic flow in bentonite bleaching clays... 
eeee The flowage doubtless is promoted by the character 
of the montmorillonite lattice, although it may be due 
in part to simple squeezing under static load. The 
net effect of this process is to cause flowage toward 
the free face of outcrops, thus giving rise to abnormal 
thickening in some outcrops, and the development of 
pseudo-unconformity, Subsidence of the overburden may 
also occur, which will develop breaks and lines of 
weakness in the back and cause inconvenience in 
exploitation," 


In a word, the above authors, after study of many deposits, find 
that bentonite promotes plastic flow wherever the material in 
which it occurs is under some stress, 


This writer believes that most of the important slides, 
which occurred in connection with Canal construction, were due, in 
greater or less degree, to the presence of bentonitic minerals. 
These, chiefly montmorillonite, are of such minute grain-size 
that their adsorbed water films contribute greatly to the 
plasticity and general weakness of the rock masses, 


Hydration Pressures in Cucaracha Rocks 


Same beds of the Cucaracha formation are richer than 
average in bentonite minerals. This is indicated in Appendix A, 
A bentonite-rich bed, found north of Gold Hill, is a soft shale 
which can easily be scratched by the fingernail. It has a light 
cream color, a slippery feel, and appears to be very dense and 
extremely fine grained. Same of this bed was ground fine and put 
in a closed tube about a foot high and an inch in diameter, with 
a pressure gauge attached, Water was added to fill the interstices 
and the tubing. At the end of the first week the gauge was still 
at zero, At the end of the second week 3 pounds per square inch 
was registered, As hydration of the bentonitic minerals went on 
the pressure (Pounds per square inch) slowly rose, as tabulated 
below: 
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Hydration Pressure, Bentonite-Rich 
Beds of Cucaracha Formation 





Date Pressure Date Pressure 













July 1 0 Aug. 10 16 Oct. 3 % 
3 0 12 17 7 % 
5 1 15 18 10 38 
7 1-1/2 17 19 1? 39 
9 2 19 20 22 40 
1l 2-1/2 22 a 24 38 
13 3 25 22 26 37 
15 3-1/2 27 23 27 35-1/2 
17 4 30 2h 28 35 
19 5 Sept. 3 25 29 34 
a 4 é 26 2 3h 
23 7 2 27 Nov. 5 3-1/2 
25 8 ll 28+ 7 30 
27 9 13 29- 13 27 
29 10 17 30+ 17 26 
3 ll 20 jl-1/2 22 25 
Aug. 2 12 23 32+ Dec, 1 24-1/2 
4 13 2h, 33 5 24-1/2 
6 14 29 34-1/2 15 24, 
g 15 Oct. 1 35-1/2 1942 
Jan, 3 23-1/2 
Feb. 3 26 











The above tabulation indicates that a maximum pressure 
of 40 pounds per square inch developed in 114 days, Then in 

the next 73 days the pressure fell off 16-1/2 pounds, to 231/2 
pounds per square inch, This seems to indicate that the system 
developed a very slow leak, though none was visible. The 
cause of the above pressure is probably: (a) the further hy- 
dration of the bentonitic minerals, and (b) the thickening of 
the adsorbed water films in and around the colloidal particles. 








The engineering significance of this pressure is im- 
portant. Suppose it were decided to backfill the lock walls, 
or approach walls, with Cucaracha rock, which, in several places, 
would be the most convenient material, In handling and placing, 
this soft rock would be considerably broken and locally pulverized. 
Rain and ground water working on the greatly increased surface 
area would slowly develop pressure against the wall up to 2,8 

tons per square foot, or perhaps more eventually. This pressure 
would be in addition to the ordinary pressure against the wall 
from the backfill material. Such a combination of pressures might 
become dangerous to any structure, Any backfill material, soft 
enough to be considerably broken in placing, and fairly rich in 
bentonitic minerals, would act in much the same way, 
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Safe Slopes for Cucaracha Rocks 


By measuring the angle of slope in many cuts in Cuca- 
racha rocks where the banks have remained stable, and in others 
where they have slid, and by studying the structural conditions 
of the rocks, where the slides occurred (Plate 1) this writer 
has arrived at certain slopes for the Cucaracha formation, These 
slopes, tabulated below, are believed to be safe for dry digging 
in relatively little fractured Cucaracha material, while at the 
same time they call for a minimum of excavation. The above 
slopes were later checked by the work of Dr. Casagrande and Mr. 
Middlebrooks, Soil Mechanics Consultants, whose slope results 
are also tabulated. 


Slopes by Casagrande 


Depth of Cut Feet MacDonald's Slopes and Middlebrooks _ 
Vart. Horiz. Vert. Horiz. 

50 1 on 0.6 1 on 0.65 

100 1 on 1.6 1 on 1.85 

150 1 on 2.4 1 on 2.65 

200 a on Rca. a on 3,25 

250 i on 3.7 1 on 3.75 

30 Ll on 4.2 1 on 4.25 

350 1 on 4.6 1 on 4.65 


Slopes for weathered Cucaracha Rock (MacDonald) 


Depth of Cut Feet Vertical Horizontal 
v0) 1 on 0.6 
40 1 on 1.0 
60 * on 1.5 
80 1 on 2.0 


Slopes for Clay Overburden Weathered From 
Cucaracha Rocks (MacDonald) 


Depth of Cut Feet Vertical Horizontal 
20 1 on 0.8 
40 1 on a/3 
60 1 on 1.9 
80 1 on 2.h 


Clays weathered fran the Cucaracha rocks are generally slippery. 


Where the cut is only 50 feet deep in ordinary Cucaracte 
rock that has not more than average jointing and very little in- 
clination of bedding toward the excavation, a slope of 1¥ on 0.6h 


a ae 











LONG-RANGE PROGRAM FOR THE PANAMA CANAL 563 


will suffice for stability; but where 300 feet deep a slope of 
1% on 4.2% should be adopted from too to bottom of the excavation 
where the rocks are of the same kind, In other words all cross- 
sections of excavations in normal Cucaracha rocks (over— 

burden and weathered material excluded) are to show the slopes as 
straight lines, from top to bottom, whatever the angle of slope 
may be. Slopes in overburden and weathered rock may be as flat as 
or flatter than those in sound rock, Wherever the Cucaracha rock 
is overlain by harder and stronger rocks, the slope to use is 
that for Cucaracha rock, Part of Zion Hill (basalt) slid because 
this rule was not followed. Fault and joint zones in the 
Cucaracha rock require flatter slopes, locally; the flatness 
depends on the amount of weakening caused by these conditions. 


Caimito Formation 


The Caimito formation is a limy shale, samewhat sandy 
locally, not very hard, and fairly massively bedded, which 
carries a few marine fossils. It is well exposed in Summit 
quarry, at the south end of Red Tank, in the lower northem 
edge of Diablo Hill and at other places, This rock, though 
quarried, is too soft and friable to be suitable for concrete 
aggregate, or for road surfacing. It overlies the Emperador 
limestone, probably uncaformably. 


Panama Formation 


The Panama formation is a light-colored, well-—bedded 
tuff. Locally it is buff-colored to slightly reddish, due to sane 
iron oxide stain, It forms Diablo Hills and is the rock which 
underlies much of Panama City. It dips seaward under Panama Bay, 
at an angle of 5° to 8°, and rests, probably conformably, on the 
limy beds of the Caimito formation. The Panama tuff is a 
relatively soft, sanewhat crumbly rock, which would not do for 
concrete aggregate, nor for road surfacing. It consists of 
showers of volcanic ash, now consolidated into soft rock. The 
source of this ash may have been a volcanic throat, which is 
now, in part, Ancon Hill. The composition of the tuff seems 


to be somewhat acidic, much like that of the Ancon Hill rhyolite 
(hardened lava). 


The Panama and also the Caimito formations do not out- 
crop in Gaillard Cut; hence, they took no part in the slides. 
They are briefly mentioned here in order to complete the succession 
of the bedded rocks on the Pacific end of the Canal. The relation 
of these two formations to the Cucaracha formation is not yet 
definitely known. 


Agglomerates and Tuffs 


Agglomerates are fragmental rocks blown fram volcanic vents 
and subsequently comsolidated. Tuffs are volcanic ash beds the 
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tiny particles of which have been cemented together to form 

rock, Tuffs are fine-grained and generally fairly well bedded. 
Agglomerates are coarse-grained; they are tuffs which contain 
many coarse fragments, some of which may be a few fcct in diameter, 
There are many different kinds of agglomerates; same are weak 
and some are strong rocks. The agglomerates, in the map area, 
(Plate I), are moderately strong with the particles fairly well 
cemented together. They were blow from volcanic verits, and 
fell back partly into the crater surrounding the volcanic 

throat fran which they came. They were somewhat sorted in 
falling, and thorefore, show rough bedding, with the layers in- 
clined away from the crater walls. Contractor's Hill, and 

some of the other hills, are composed of coarse agglomerate, 

The agglomerate of Gold Hill is moderately “fine-grained and 
well-bedded; locally it is a tuff. Both the coarse and the fine 
agglomerates of the map area (Plate I) seem to be andesitic 

to basaltic in composition, Avparently the Culebra and overlying 
Cucaracha beds were locally pierced by volcanic vents, which 
ejected showers of rock fragments, These piled up to such a 
height that the foundations could not support the weight; hence, 
settlement occurred. The agglomerate masses of both Gold and 
Contractor's hills indicate such a history. With respect to 

the Cucaracha beds in contact with them, both masses heave 
settled a hundred feet more or less. A roughly circular fault 
zone, one to five feet wide, which resulted fran this moverent, 
now separates the agglomerate of these hill masses fram the cam- 
tiguous Cucaracha beds. This settlement or faulted down condition 
is shown by the down-dragged fragments of some of the harder beds 
in the Cucaracha, and by the striae on the slickensided face of 
the Contractor's Hill agglomerate mass, where hard fragments 

of basalt have protected the softer agglomerate matrix above 
them. (MacDonald (17), opposite page 59.) The agglomerate, 
near old Empire, shows similar evidence of having been faulted 
down with respect to the Culebra rocks adjacent to it. Where 

not highly weathered or cut by numerous joints or faults, the 
agglomerates of the map area, taken as a whole, stand at 
relatively steep angles. Very little sliding has developed in 
these rocks, Safe slopes for coarse, well cemented agglomerates, 
such as those of the map area, are as follows: 
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Safe Slopes for Sound Agglomerate 


Depth of Cut Feet Vertical Horizontal 
50 (or to 65) Vertical 
100 Vertical where backfill to be placed, 
otherwise 1 on 2.0 | 
150 1 on 0.25 
200 a on 0,35 
250 1 on 0.45 
300 1 on 0.55 
350 1 on 0.65 
400 1 on 0.75 


Berms, 5 to 15 feet wide, may be advisable in the upper part of the 
weathered zone and possibly also at the top of sound rock, The 
need for these will depend upon the thickness of the overburden and 
weathered zone, and on construction needs, Where the overburden is 
more than 15 feet thick, a berm will probably be desirable. The 
slopes in sound agglomerate, unlike those in the weaker rocks, may 
change at each 50 feet of depth, as indicated above, thus giving a 
slope with curvature outward, — steeper at the toe. Such a slope, 
being weaker than one with curvature inward, or with a plane sur- 
face from ton to toe, should be used only on strong rocks, such as 
sound agglomerate and sound basalt. In the weaker and more weathered 
rocks, particularly those that may be plastic under pressure, the 
slope should be a plane from the toe to the top of the sound rock, 
Above that it may or may not be flatter, Flatter slopes must be 
used where the rocks are weakened by faulting, jointing, a dip 
toward the excavation, excessive alteration, or other cause. 

These remarks also apply to the weathered agglomerate, and also 

to the overburden, or soil, weathered fram it. 


Slopes for Weathered Agglomerate 


Depth of Cut Feet Vertical Horizontal 
2 1 on 0.3 
LO 1 on 0.5 
60 1 on 0.7 
80 1 on 1.0 


Slopes for Soil Overburden Weathered From Agglomerate 


Depth of Cut Feet Vertical Horizontal 
20 1 on 0.7 
40 1 on Aas 
60 1 on 1.4 
80 1 on 1.8 
- Be- 
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Basaltic Rocks 


The basaltic rocks shown in the map area consist of 
dikes, sills, plugs, flows, "ring dikes", and what anpear to be 
laccoliths. Where the fluid magma was forced into cracks in the 
overlying rocks and consolidated there, dikes were formed; where 
the magma was injected along the bedding planes of rocks, sills 
have resulted, If these sills are very thick as compared with 
their area, and have bowed up the overlying beds into what 
resemble huge blisters, the hardened magmatic mass is known as 
laccolith, Plugs are roughly circular, volcanic throats which have 
become filled with hardened lava. Where the molten rocks spread 
out on the surface, "flows" result. The masses that are small 
cooled quickly, so that the crystals did not have time to grow 
large. The small basalt masses are therefore very fine-grained, 
while the larger ones are coarser, The flows generally show 
small gas cavities, which are often filled with secondary 
minerals. Such basalts are known as amygdaloidal. 


a rr 








A striking geological feature of the map area, (Plate 1) 
is the presence of "ring dikes". After agglomerate masses filled 
craters and became more or less consolidated, basaltic lava welled 
up from the volcanic throat, or from vents, under the agglomerate. 
It was injected along the contact between the agglomerate and 
Cucaracha, or Culebra beds, thus forming a ring of basalt around, 
or partly around, many of the agglomerate masses. Gold Hill 

has a ring dike, 20 to 40 feet thick around a considerable part 
_of its outer edge. The ring dike associated with the Contractor's 
Hill agglomerate is of much more limited extent. A medium sized 
‘hill, south of and near Paraiso village, shows agglomerate in 

its central part, where the road cut is deepest, with basalt on 
both sides, The hill south of the southerly end of Cerro 
Escobar, where the rocks are exposed in a military road, shows 
basalt separating an agglomerate mass on the west fram the 
Cucaracha beds of the Rio Grande valley, on the east. Some 

small dikes locally cut thraugh the agglomerate. 















A basalt cap, overlying the agglomerate, forms the upper 
part of Gold Hill. It merges locally with the basalt ring dike 
around the periphery of the hill mass, and may have been derived 
partly or wholly from this dike. The basalt cap, before it 

cooled and hardened, mushroomed out over the weak Cucaracha formation. 
When the latter finally slid much of the overlying basalt broke, 
along cooling joints, into blocks that moved slowly down toward 

the canal prism, riding on the deforming Cucaracha rock. Only 

the "overhang" of the basalt moved. In the main, the ring dike 

gave a good buttressing effect against sliding. 

















Where there are no good outcrops, one cannot be sure 
whether the rock in place is basalt or agglomerate, because the 
latter contains fragments of basalt up to a cubic foot or more 
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in size, These remain on the surface as residual material after 
the host rock has weathered. Therefore, it is not certain that 
the areas manped as agglomerate are all agglomerate; they my 

be partly basalt. On the other hand there may be some agglomerate 
in parts of the areas manped as basalt. 


The basalts are intrinsically strong rocks, but on cooling 
they developed many shrinkage joints, These, formed at right 
angles to the cooling surface, have separated the rock into 
columns, which are generally six-sided, but may have fewer sides, 
Because of these and other joints, the tensile and shearing strength 
of large masses of basalt are greatly reduced. However, the 
crushing strength of solid pieces of this rock is high, As aggregate 
for concrete, for surfacing roads, and for other engineering uses, 
it is an excellent material, Safe slopes for basalt, that is not 
jointed more than average, may be made just as ae as those 
given for agglomerate. 


Gatun Formation 


The Gatun formation, which may be 1500 feet or more thick, 
occupies a large area between Gatun Lake and the Caribbean sea, 
It lies on top of the Bohio formation, but the contact between the 
two is not yet known within the Canal Zone. The Gatun formation 
consists of tuffaceous sandstones, some of the beds being very fine- 
grained, together with beds of light gray to cream-colored tuff, 
some fairly coarse, yellowish-weathering sandstones, and some beds 
or lenses of conglomerate, The rocks of this formation are generally 
soft enough to be easily cut with a knife and when wet some of the 
beds are not particularly strong. Several of the beds are rich in 
marine Miocene fossils, and dip toward Colon bay at about 4-1/2 degrees, 
though steeper dips occur in the hills overlooking Gatun Lake. 
In general, the Gatun rocks are strong enough compressively to 
supporf, loads up to 18 tons per square foot and fine-grained enough 
so that” they will not readily transmit much water. They would have 
very little value as aggregate, or for road surfacing. 


Toro Limestone 


The Toro limestone, best exposed at Toro Point, on the 
Caribbean shore, is made up mostly of coral and shell fragments 
and soft, porous, limestone, It is 100 to 125 feet thick and is 
apparently unconformable on the Gatun formation. It contains 
marine fossils of upper Miocene age. 


No slides occurred in the Gatun or the Toro formations. 
They are mentioned here merely to indicate the succession of bedded 
rocks on the Atlantic end of the Canal Zone. 
BLACK MUCK 


During recent geologic time (pleistocene) the land surface 
« Bo 
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of at least part of Panama stood probably 300 feet higher than now, 

A fairly rough topography was developed at the elevation, before 
sinking began, As the land slowly subsided the old valleys became 
filled with black muck, rich in organic material, and locally 

containing only partly decayed fragments of wood. This muck 

is mostly dark to almost black; however, several feet of grayish, 

very plastic muck locally lies on top of the black, The whole 

muck section is soft, very plastic, and contains a large percentage 

of exceedingly fine material, much of which is believed to be 

of colloidal size. In same areas hydraulic fill covers the 

black muci-to a maximum depth of probably 20 feet or even more, : 
It is not definitely known whether the gray muck which overlies 
the black muck locally, for a depth of a few feet, is part of the 
hydraulic fill, or represents the upper zone of the black muck 

from which the carbonaceous material has been largely oxidized. 


The present topography in the black muck area is 
deceptively flattish; while the pre-black muck topography shows 
relief up to a maximum of over 200 feet. To establish safe 
foundation conditions in such a flat-looking area covered by 
old fill and vegetation, was not easy, It required careful 
study of certain "islands" of weathered rock, surrounded by 
muck, plus many quickly taken cores to sound rock. These investi- 
gations, and a knowledge of physiographic princinles helped greatly 
in making a contour map showing the top of sound rock, 


Considerable study was necessary before safe slones | 
for this material could be arrived at. Old slide records and 
slopes in this muck, and its degree of plasticity were studied 
by this writer, assisted by Dr. A. E. Sandberg of the Geologic 
Section, and conclusions were reached therefrom. The Soil | 
Mechanics Section also gave much laboratory study to this 
problem, The slopes finally arrived at for the black muck 
to be excavated in the dry, are shown by Fig. 5. | 
. 
' 
f 
' 


Slides which occurred in this material during construction I | 
of the first Gatun Locks are discussed on page 80. 


STRUCTURAL CONDITIONS 





The Cucaracha and the underlying Culebra formations 
have been down-warped into a very shallow syncline or basin, 
the low part of which, exposed in Gaillard Cut, occurs in the 
vicinity of Contractor's Hill. (Plate 1) The base of the 
Cucaracha here is 206 feet below the bottom of the canal, as 
determined by a core drill hole. The longer axis of this basin 
is thought to be about north and saith; but because the relatively 
soft Cucaracha and Culebra beds have few outcrops, the exact 
orientation of this structural feature is not yet definitely known. 










Both the Cucaracha and Culebra formtions have. been 
considerably faulted, especially in the area of maximum sliding. 
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These faults, mostly of the normal or gravity type, trend 

about north and south and cut obliquely across the canal. 

They have a displacement of from a few feet to a hundred feet, 

more or less, Locally they have caused cosiderable weakening 
of the formations, thus helping to promote slides. (Plate 1) | 
These faults may have occurred chiefly at the time of the 
intrusion of the pvasaltic dikes and small plugs into the 
Cucaracha formation, probably about Miocene time, or later, } 


North of Gold Hill thin dikes of basaltic rock, only 
a foot or two wide, cut the Cucaracha formation. South of 
the hill larger dikes intrude the same formation, These latter 
held back much of the Cucaracha slide even after their upper 
parts had been sheared off by the weight of the mass, As slide 
deterrents they have saved more than a million dollars in 
excavation. 


Gold, Contractor's, Zion, and other hills stand above 
the lower lands around them because they are composed of 
harder, stronger rocks, mostly agglomerates, associated with 
some basaltic dikes, plugs and other igneous rok masses, Zion 
Hill is a basalt mass with very many vertical and near vertical 
cooling joints, It mushroomed out to same extent over the 
Cucaracha beds. As the slides sapped the hillside, the basalt 
overhang squeezed out the underlying plastic Cucaracha; then 
great masses of the basalt split off, along joint planes, 
and went slowly forward toward the channel, riding on, or 
partly engulfed in, a moving mass of the Cucaracha formation. 
(Plates 13, 14, 15, 16, 17, 18.) It is expected that only the 
"overhang" of this basalt hill will break off and move. The 
main hill mass is thought to have its foundation relatively 
deep in the earth, thus forming as most of the other hills for, 
a strengthening buttress against sliding. 


CLASSIFICATION OF THE SLIDES 


In order to facilitate an understanding of the slides 
which have occurred along canal excavations, it is aporopriate 
to divide them into classes, or into those groups which originated 
from the same general causes. They naturally fall into four groups, 
or types, as follows: 


A. Deep deformation slides. These began where the 
canal channel was cut deep into weak, somewhat vlastic 
rocks, The weight of the high steep banks caused the rocks 
very slowly to deform and eventually to shear to a depth 
of probably more than a score of yards below the bottom 
of the excavation, (Figures 2 and 4.) 


B. Structural slides. These took place where 
sheared zones, joints, bedding planes, or other structural 
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weaknesses, dipped fairly steeply toward the excavation. 


C, Mudflow slides, These formed where mud or 
moist clay slipped off or flowed down an inclined surface. 


D. Combination slides. A combination of any of 
the above types, 


DEEP DEFORMATION SLIDES 


Deep deformation slides were by far the largest and most 
troublesome, They practically all originated in the Cucaracha 
formation, and were almost entirely confined to that section 
of Gaillard Cut between stations 1760 and 1790450, a distance 
of about 3500 feet. (Plate 1.) These slides were heaviest a 
little north of Contractor's Hill and Gold Hill, where the 
Cucaracha formation reaches well down below the bottom of the 
canal, and where the depth of the cut, in this formation, is 
greatest. Here over ninety per cent of all the slumped material 
was from the Cucaracha formation, but not all slides in this 
formation were of the deep deformation type. Slides of this 
kind began to develop when the cut reached a depth of about 100 
feet and increased in size and frequency as it went deeper. Some 
of them were limited in their extent by faults or were related 
to fault zones, but others showed no apparent relation to faulting. 
It is thus evident that at least two general factors entered 
into the cause of these slides, namely; (a) the character of 
the Cucaracha formation, and (b) the depth of the cut, 


Be Movements of Deep Deformation Slides 


The first movement, heralding the beginning of these 
gigantic deep deformation slides, manifests itself as a vertical 
crack (Plate 19) in the high bank, 50 to 250 feet, or more, back 
from the edge of the cut. (Figure 2.) Sometimes a second crack 
appears, about as far behind the first one as that is from the 
edge of the cut. There were a few cases where a third crack also 
appeared behind the second one, all three showing at the same time, 
Small secondary cracks appeared here and there between the main 
ones, Some of the principal cracks remained open, with barely 
perceptible widening and settling, for one or two years, A few 
remained open for several years before the material in front of 
them finally slumped into a big slide. In the case of some of ' 
the larger deep deformation slides, the front part of each block 
which cracked off settled more rapidly than the back part, so that | 
the back part of the first block was left 2 or 3 feet higher than 
the front part of the block behind it, while all the blocks 
settled a few feet. This condition is shown by Figure 2 and Plate i 
14. It is a case of tilting of the blocks and must be due to 
plastic flow of the material, at depth fram under the toe of the 
first block, causing it to tilt slightly toward the excavation, 


o iin 
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thus relieving the pressure under its heel. This would induce 
plastic flow from under the toe of the second block toward the 
area of low pressure under the heel of the slightly tilted block 
ahead, etc. In same of the slides the blocks tilted away from 
the excavation, In most cases the tilting, a very minor move- 
ment, occurred before collapse of the basal part of each de- 
forming block initiated the period of relatively rapid movement 
of the slide - the period when shear of the material became more 
important than plastic deformation. This zone of curved shearing, 
or Slippage, of these deep deformation slides was concave outward 
and upward. The limiting cracks, formed at the surface, were 
vertical to depths of 30 to 50 feet. Below that depth same 
curvature toward the excavation was noticeable. Thus when the 
material in front of these cracks finally slumped, a high 
vertical face above a very steep curved slope was left standing 
behind the material that slid. (Figures 2 and 4, also Plates 

25, 27, and 29.) This high bank eventually sagged very slowly, 
causing other cracks farther back. In this way this type of 
slide worked farther and farther back, giving rise to a succession 
of new large slides as the years passed. 


The slow primary movement of these great blocks of 
Cucaracha rock is shown by measurements made across one of the 


cracks that passed through a concrete slab, This crack widened 
as follows: 


Width 
September 7, 1910 , 1-1/8 in. 
October 4, 1910 1-3/8 in. 
October 20, 1910 1-4/8 in. 
November 8, 1910 1-5/8 in. 
November 28, 1910 1-6/8 in. 
December 13, 1910 2.0 in. 


The average of the above rate of movement is only 1/111] inch per 
day. The reason for this slow and relatively regular movement 
seems to be the deep-seated plastic deformation of this soft rock, 
due to the unbalanced pressure created in it by the depth of the 
excavation, Shearing alone could not give much slow and regular 
movement under the conditions involved. 


Compression, Elasticity and Tension Tests 


Samples from various beds in the Cucaracha formation 
were ‘sent to the Bureau of Standards for tests. The results of 
these are given in a letter_to the Panama Canal, Washington Office, 


dated October 4, 1916, and signed by Dr. S. W. Stratton, Director 
of the Bureau, as follows: 


=-23- 
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"Enclosed is a report of compression, elasticity 
and tension tests on seven of the ten samples of stone 
from the Panama Canal submitted by Dr, MacDonald. Two 
of these samples were broken in shipping and another 
on account of its weak clay-like nature crumbled 
under the saw, so the test pieces could not be obtained. 
The cans in which two of these samples were shipped, Nos, 
11113X and 11113Y were punctured, which allowed most 
of the contained water to leak out, but on account 
of the fiber packing inside the cans, the stones 
were found to be still wet, 


"For the compression tests, specimens approximately 
4.5 x 4.5 x 11 inches were prepared, and the ends made 
as near parallel as possible by grinding, For the 
tension tests, briquettes having a central cross-section 
of approximately one inch (square) were prepared and 
tested on the Fairbanks cement testing machine. When 
the direction of the bedding could be determined the 
briquettes were prepared and tested both parallel 
and perpendicular to the bedding. Owing to the shape 
of the original samples submitted it was necessary 
to prepare the compression specimens with the long 
dimensions parallel to the bedding so in testing the 
load was applied parallel to the direction of the 
bedding. 


"The compression and elasticity tests were made 
in the following manner: An Olsen compression micro- 
meter having two dials was clamped on the specimen 
to indicate deformations on two opposite sides of the 
specimen for a length of six inches, The specimen 
was then centered in the 100,000 lb. Riehle testing 
machine with a 6,5 inch spherical compression block on 
top and having one thickness of blotting paper next to 
the stone above and below, The head of the testing 
machine was then brought down slowly until the 
weighing beam indicated a few pounds load; then the 
machine was stopped and the micrometers set to read 
zero. Successive loads of 1100 lbs. or approximately 
54 lbs, per square inch were applied and the corres- 
ponding deformation readings taken, At intervals of 
4,300 lbs. or approximately 220 lbs. per square inch, 
measurements were made on opposite faces of the speci- 
men at the center by means of a micrometer gage to 
determine the expansion at this point. Owing to the small 
amount of this movement and the difficulty in setting 
the gage to the same pressure of contact fordifferent 
readings it is believed that very little value can be 
attached to the results obtained for lateral deformations, 
For the accurate determination of this factor it will be 
necessary to design special annaratus and secure more 
samples of the stone. 20 
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"The charts included (Figures 3a to 3g) show for each 
test the elastic curve of the vertical axis, the ultimate 
load, character of failure, elastic limit, and modulus 
of elasticity. Also the curves obtained for lateral 
expansions at the center of the specimen in the directions 
indicated, A-C and B-D. In the first curve of each chart 
the deformations have minus signs prefixed to denote 
contractions and the other two have plus signs to denote 
expansions, In the case of samples Nos, 11112X and 11113X 
the curves for lateral deformations at some points curve 
to the left, indicating a contraction. These negative 
values are probably due to the inaccuracy of the measure- 
ments rather than an actual contraction," 


Sample No, 11110-X 


Load 
lbs, 
sq. 
in, 


0 
54 
107 
161 
214 
268 
322 
375 
429 


Lateral dimensions = 4.56 x 4.51 inches 

Height = 11.76 inches 

Area 20.56 sq, inches 

Distance between compressometer clamos = 6.00 inches 


Micrometer Unit Unit 
headings Average Axial Lateral Lateral 
Inches of A Defor- Deformation Deformation 
A left Bright and 5 mation A-C B-D A-C BD 
0.0 0.0 0.0 


0.0024 0.0006 0.0015 , 0.0002 
0.0052 0.0025 0.0038 0.0006 
0.0083 0.0049 0.0066 0.0011 . 
0.0105 0.008 0.0093 0.0016 .002 .0029 .0004 .0006 
0.0125 0.0123 0.0124 0.0021 
0.0151 0.0160 0.0156 0.0026 
0.0181 0.0192 0.0186 0.0031 
0.0217 0.0270 0.0244 0.0041 .0024 .0077 .0005 .0017 


Notes: At 54 lbs. per square inch air bubbles were observed 


coming out of a small transverse crack, At 160 lbs, 

per sq. inch, water was pressed out over much of the 
surface, At 429 lbs. ver square inch, the specimen yielded 
slowly, and after about two minutes the load had dropped 

to 378. 


The above sample consists of typical greenish, fine- 
grained Cucaracha rock - soft, soapy feel, mostly massive, 
but with same indication of bedding. Obtained about 475 
feet east of center line, at Station 1813+50. 


Samole No, 11110-Y 





Lateral dimensions = 4.51 x 4.44 inches 
Height = 10.77 inches 
Area = 20,02 sauare inches 


Distance between compressometer clamps = 6,00 inches 
-R- 
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Load 
lbs, 
sq. 
in, 


0 
55 
110 
165 
220 
275 
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Micrometer Unit 
Readings Average Axial Lateral Unit 
Inches of A Defor- Deformation Lateral 
A-left B-right and B mation A-C B-D Deformation 
20 20 
-000l .0010 -0005 0001 


-0034  .0067 20050 0008 
0062 .0104 +0083 0014 .0081 .0023 .0018 .0005 
0087 .0158 -0122 20020 


,0017 0037 .0027 = «, 0004, 


Notes: At 110 lbs. per square inch, some water pressed to sur- 


face in certain local areas. Crushed gradually at 286 lbs. 
per square inch, Good typical green Cucaracha rock, Same 
little pebbles, et¢., in it. 


The above specimen is about the same as specimen 11110-X, 
but shows no trace of bedding. Obtained 475 feet east of 
C. L. at station 1813450. Close to sample 11110-X. 


Sample No. 11111-X 


Load 
lbs. 


Lateral dimensions = 4,51 x 4.51 inches 

Height = 11.18 inches 

Area = 20.34 souare inches 

Distance between compressometer clamps = 6.00 inches 


Micrometer 
Readings Average Unit 
Inches cf A Axial 

A-left Beright and B Deformation 
20 20 
-OOLL 0010 -001L0 -0002 
0021 0021 0021 ~0003 
20033 20031 20032 20005 
-004,3 20042 0042 20007 
0053 20054 0054 »0009 
-0066 20067 20066 0011 
20080 20081 - 0080 -0013 
»0093 20094 20094 20016 
eO1LOL 20099 20100 0017 
20117 0118 0118 20019 
e0O131 eOL34 0132 0022 
0148 0158 20153 -0025 
20149 eO1L74 -0162 -0027 


Notes: An effort was made to measure the lateral expansions 


of this specimen by setting a pair of outside calipers to 
contact with the opposite faces and then measuring the 


~ 32° 
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distance between points with an end micrometer, but the 
results obtained were so irregular and unsatisfactory 
that they are not included in this report, Keadings 
were made on this specimen for every 54 lbs, sq. in. 
load, but the measurements being quite uniform only 
every 4th reading is included, At 1735 lbs, sq. in. 
compressometer readings were taken at one minute inter- 
vals without increasing the load. In five minutes the 
load had fallen off to 1637 lbs. sq. in, and the micro- 
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meter readings showed a unit deformation of about .000l, 


indicating that the stone was slowly yielcing under 
this load, 


The above specimen consists of soft, greenish rock 


fran the agglomeratic tuff bed in the Cucaracha formation, 


It has a white mottled appearance, due to calcitic 
cementing material, It forms only a very small part 
of the Cucaracha formation; obtained from close to 
420 ft. east of C. L, station 1850+00, 


Sample No, 11112-X 


lbs. 


8a. 
in. 


54 
109 
163 


272 
326 
381 
4350 
490 
Shade 
598 
653¢ 
707 
761 
815 





Lateral dimensions = 4.51 x 4.49 inches 
Height = 9.92 inches 
Area = 20.25 sq. in. 
Distance between canpressometer clamps = 6.00 inches 
Micrometer 

Readings Average Unit 

Inches of A Axial 
A-left B-right and B Deformation 
20 20 
-O014, 20002 20008 -0001 
20027 »0009 0018 »0003 
20042 20016 20029 20005 
-0052 20026 20039 20007 
-0063 20035 200L9 20008 
-0069 e004,3 » 0056 » 0009 
20077 20051 - 0064 .O011 
- 0087 20059 -0073 20012 
20096 20069 - 0083 0014 
0119 .0078 .0098 -0016 
°0132 -0090 -O111 0018 
00147 20095 eO121 «0020 
e0160 0118 00139 -0023 
20169 20145 20157 -0026 
0201 20167 0184, 0031 


33 = 
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Notes: Lateral Deformation Unit Lateral Deformation 
A-C B-D A-C B-D 

(a) ~Q022 0018 ~0005 ~O00L 

(b) ~0008 -.0025 -0002 -.0005 

(c) 20019 -.0036 20004 -,0008 


At 109 lbs, square inch, water began to ooze out of 
almost invisible cracks and areas. This specimen is 
slightly pinkish-green and looks like a transition 
between typical greenish Cucaracha and the light-colored 
agglomeratic tuff bed. 


The above specimen consists of pinkish-green, slightly 
indurated Cucaracha rock, found just above the light-gray 
agglomeratic tuff bed in the Cucaracha, Obtained about 
250 ft. East of the C. L. station 1816+00 and about 75 ft. 
from the water's edge, 


Sample No. 11112-Y 


Lateral dimensions = 4.49 x 4.53 inches 


Height = 10,64 inches 
Area = 20.34 sq. in. 
Distance between compressometer clamps = 6.00 inches 
Load Micrometer Average Unit 
lbs, Readings Inches of A Axial 
sq. in, A-left B-right and B Deformation 
0 00 00 
54 20005 0005 20005 0001 
108 20022 20013 0018 20003 
163 20035 20024 20030 20005 
2178 20053 20036 20045 20007 
271 20062 0059 - 0060 -0010 
325 20102 20123 0112 0019 
379 -O141 20147 eOl4L 0024, 
434b -0146 e0150 20148 20025 
Notes: Lateral Deformation Unit Lateral Deformation 
(a) 0031 0037 0007 0008 
(b) 0251 0067 0056 0015 


This specimen is a good examnle of the coarse sandstone, 
fine conglomerate type of bed found in upper part of 
Cucaracha, At 217 lbs. square inch, water pressed out 
over most of the surface, 


- 3%,- 
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The above specimen is fran a coarse grayish-to-greenish 
sandy bed in upper part of the Cucaracha formation, It 
shows some bedding, and came from a point 250 feet east 
of the C, L., station 1816400, and about 75 feet from the 
water's edge, 


Sample No, 11113-X 


Lateral dimensions = 4.51 x 4.48 inches 


Height = 11.42 inches 

Area = 20.24 sq. in, 

Distance between compressometer clamps # 6,00 inches 
Load Micrometer Average Unit 
lbs. Readings Inches of A Axial 
sq. in, A-left B-right and B Deformation 

0 20 20 
54 eOO14 -,0001 20006 0001 
109 20027 -.0004 0011 20002 
163 20043 -.0007 0018 20003 
21 8a 0056 -.0007 20025 ~OO04 
272 0056 my -0024 - 0004 
327 0074 “*« 0032 20005 
382 0081 -. 0036 - 0006 
1,36b 0103 -.0012 -0046 20007 
490 -0106 -.0007 - 0050 0008 
545 0112 -.0002 20055 20009 
600 eO1l4 +.0005 -0060 0010 
5élc 0101 +.0015 0058 0010 
654 29125 +.0025 20075 0012 
708 -O146 +,0053 0099 -0016 
762 20162 +.0058 -0110 0018 
817 0180 +0060 0120 20020 
Notes: Lateral Deformation Unit Lateral Deformation 
A-C B-D A-C B-D 
(a) .0022 .0018 0005 -0004 
(b) 0018 -,0025 ~0004 -.0005 
(c) .0019 -.0036 -0004 -.0008 


At 109 lbs. per square inch there was sweating in spots. 

At 600 lbs, per square inch the machine was stopped for 

5 minutes and the load dropped back to 560 lbs. per square 
inch with a slight increase in deformation, showing that 

the specimen was slowly giving way under this load. Held 

at 817 lbs. per square inch for about one minute and then 
ruptured, This seems to be a weak type of the light gray 
agglomeratic tuff bed, not typical Cucaracha rock. 


o Bo 
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formation. 
stat ion 1807480 + 


Sample No. 11113-Y 
Lateral Dimensions 
Height 


Area 


per square inch. 


has soapy feel, 
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The above specimen consists of a part of the light- 
gray agglomeratic tuff bed which occurs in the Cucaracha 
Obtained about 640 ft. east of the C. L. 


4.51 x 4.48 inches 
11.23 inches 
20.20 square inches 


Distance between compressometer clamps = 6.00 inches 


Load Micrometer Average Unit 
lbs, Readings Inches of A Axial 
sq.in,. A-left Beright and B Deformation 

0 0 .0 

54 0018 -0010 0014 0002 
109 0038 0024, 0031 0005 
163 0058 -0038 20048 0008 
2 8a -0080 »0059 -0070 0012 
272 -0099 -0078 0088 0015 
326 0123 20101 0112 0019 
380 -O149 0131 20140 20023 
434b -O174 20166 -0170 0028 
488 0215 -0370 20292 2 0OL9 
Notes: Lateral Deformation Unit Lateral Deformation 

A-C B-D A-C B-D 
(a) 0031 20037 -0007 - 0008 
(b)  .0220 0030 0050 0007 


One comer of the prepared specimen was broken off, 
comprising about 2 square inches in area, 
filled in with plaster of paris and allowed to harden 
before the test was started. Sweating at 326 lbs. 
Typical light-greenish Cucaracha rock, 


This was 


The above specimen consists of typical, light- 
greenish Cucaracha rock; very fine-grained, soft and 
Shows some slight indication of bedding, 
Obtained about 640 ft. east of the C, L. station 1807+80. 
Specimens 11114-X and 11114-Y were so friable that they 
broke up under the saw, 


= 
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Tension Tests 


Sample Briquette Sectional Area of Manner 
Dimensional Section of Ultimate Strength 


No. No. Inches sq. in. Testing Load-lbs. 1b/sq/in, 

11110-X 1 1.07 x1.04 1.11 to bed 87 78 
2 1.09 x 14.02. 1.12 to bed 32 2 
3 1.09 x 1.02 1.11 to bed Al 37 
4 1.06 x 1.04 1.10 to bed broke accidentally 
5 1.05 x 1.04 1.09 // to bed 64, 59 
6 1.06x 1.02 1.08 // to bed 95 os 
Average _/ to bed 48 // to bed 7h 

11111-X 1 1,03 x 1.03 1.06 ? 90 85 
2 1.03 x 1.03 1.06 ? broke accidentally 
3 1.03 x 1.03 1.06 ? 275 260 
Average 172 

11112-¥ 1 1.08 x 0.99 1.07 // to bed 27 25 
2 1.05 x 1.05 1.10 // to bed 32 29 
3 1.05 x 1.05 1.09 // to bed 50 46 
4 1.02 x1.01 1.03 to bed 92 89 
5 1.02 x1.02 1.04 to bed a1 78 
6 1.04x1.04 1.08 to bed 110 102 
Average // to bed 33 to bed 90 

11113-Y 1 1.03 x 1.03 1.06 ? 106 100 
2 1.03 x 1.03 1.06 ? 98 92 
3 1.03 x 1.05 1.08 ? 39 36 
Average 76 

11113-X 1 1.08 x 0.97 1.05 to bed 167 159 
2 1.08 x1.10 1.19 to bed 176 148 
3 1.06 x 1.05 1.11 to bed 133 120 
4 1.02 x 1.05 1.07 to bed 81 76 
5 1.02 x 1.04 1.06 yy to bed 113 107 
6 1.03 x 1.05 1.08 // to bed 109 101 
Average _/ to bed 142 // to bed 95 

Note: In tests marked to bed, the briquette was broken across 


the bedding planes; to bed, with or parallel to the bedding, 


Comments on Rock Tests 





The original slope planned for in Gaillard Cut was 
approximately 3” on 2°. (Figure 5) The weakest Cucaracha rock 
tested, a sawn block 4,5 in. x 4.5 in. x 1) in., failed at about 
286 lbs. per square inch, with an elastic limit of 165 lbs, per 
square inch, Water was squeezed out at 110 lbs. per square inch, 
If the pressure had been applied very slowly, over a period of 
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months, undoubtedly water would have been exuded at much 
lower pressures, The weakest beds were not tested, because 
the material crumbled so easily that test pieces of them, 

of sufficient size, could not be prepared. 








A letter, dated September 23, 1916, from Professor 
W. J. Mead to the Chairman of the Committee of the National 
Academy of Sciences, in comment on the results of the above 


tests on Cucaracha rock by the Bureau of Standard, contains 
the following: 


"(a) The very low values for modulus of elasticity 
strongly indicates that the rock is incampetent under 
pressures as Low as one hundred lbs. per square inch, 
This is also suggested by the squeezing out of water 
at low pressures, 


















"(b) The Specimens of Cucaracha rock tested 
represent the harder and firmer phases of the formation, 
because only such phases would yield material which 
could be sawed into blocks and tested, The statement 

is made that some specimens either broke in shipment 

or failed to stand up under the saw, These were evi- 
dently weaker than those tested. My observations of 
the Cucaracha formation show that there is a great deal 
of difference in the strength of the various beds, 











"(c) The Cucaracha formation is jointed and con- 
sequently the strength test on solid homogeneous test 
specimens would show a greater compressive strength 
than could be credited to larger blocks of the Cucaracha 
formation intersected by joint cracks. 


"(d) Compression tests are carried out under 
conditions of purely non-rotational stress. It is 
improbable that any single block in the Cucaracha 
formation would at any time be subjected to vurely 
compressive stress, It is also inevitable that gravi- 
tational stress would result in rotational stress on 
any single block, which would result in failure under 
stress differences less than those required by pure 
compression," 













Slides of the deep formation type began when Gaillard 
Cut reached a depth of about 100 feet, in Cucaracha rock, with a 
slope of 1 vertical on 0.67 horizontal (3 on 2). The average 
weight of Cucaracha rock is 141.6 lbs, per cubic foot. If the 
cut were vertical the average pressure near the toe, at 100 feet 
of depth, would be about 100 lbs. per square inch or 7 tons per 
square foot. The average weight of overlying material under 
the sloping part of the cut is 3.54 tons per square foot. These 
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pressures were sufficient to cause slow plastic deformation 
in large masses of Cucaracha rock, which finally resulted in 
deep deformation slides. 


Figure 4 is an attempt to show, by diagram, some of 
the observed characteristics of these deep deformation slides. 
It is a cross-section, looking south, and showing the westerly 
slope of the Gaillard Cut, near Culebra, when the excavation 
was 100 feet deep, with a slope of 2 vertical on 2 horizontal. 
It is assumed that a vertical crack appeared at this stage of 
the excavation, about 120 feet back from the edge of the cut. 
Some of the cracks appeared closer to the excavation than 120 
feet, but most of them were farther away, These cracks widened 
extremely slowly before failure of the lower part of each 
deforming block, or mass, of Cucaracha rock finally occurred, 
The force which caused this failure was the pull of gravity 
on the material left unsupovorted on one side, due to the 
excavation. This force, wherever great enough, caused very 
slow plastic deformation of the soft Cucaracha rock below 
some limiting depth, probably below 25 to 50 feet, depending 
upon the rate of movement. Above the limiting depth, rock 
distortion resulted in fracture, because of insufficient pressure 
to cause flowage. Whether the zone of fracture be thick or 
thin depends on the rate of movement as well as on the character 
of the deforming material. 


For slides of the deep deformation type the Limiting 


zone of deformation - the zone, or surface, beyond which no 
movement of the rock material occurred - is believed to be 
approximately circular in cross-section, The reasons for this 
belief are: the crack, which limited the movement at the 
surface - behind which the material did not move - was about 
vertical for 30 feet cr more of depth; below that it began to 
show curvature toward the excavation (Figure 4), The bulging 
up in the bottam of the excavation which resulted fram these 
slides, generally showed an uplift which reached a maximum 
about halfway to the opposite bank; that is, about the center 
line of the canal cut. This uplift averaged 25 feet, though 
one 65-foot uprise occurred. Such uprises were due to the fact 
that the moving mass of the slide began to meet. the resistant 
material of the opposite bank at about the center line of the 
cut. As this resistance got stiffer, the movement took the 
path of least resistance, which was upward, Evidently the 
movement extended some distance below the bottom of the ex- 
cavation, or there would have been no essentially vertical uprise 
of the cut bottom. It seems reasonable to believe that the 
limiting zone of movements extended downward below the bottom 
of the excavation at least to the same extent as the material 
was pushed upward, somewhat as indicated in Figure 4. 


- R- 


57677 O—60——-38 



















582 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 






For purposes of illustration and discussion let us 
assume that the cross-section shown in Figure 4 represents a slice 
of Cucaracha rock one foot thick, measured normal to the plane of 
the paper, in an area where a typical deep deformation slide 

is developing. The arc a b c of the circle whose center is at 
(d), is believed to represent approximately the outward limit of 
movement of rock particles under the conditions indicated. 

The solid lines represent the conditions when cracking of the 

bank at (a) began. The dotted line f e g h indicates approximately 
the surface after the first big settlement of the sliding mass, 
with its accompanying up-bulge of the excavation bottom, at (f). 
Further settlement will occur later, particularly as the slope 
at (e) and the material at (f) are excavated. 


If, taking the a b c arc as the outer boundary of 
movement, we divide the material inside this arc into the A and 

B blocks, then it is evident that the force causing movement 

in this slide, is the weight of the B block (141.6 pounds per 
cubic foot) which amounts to 1007.5 tons or 6.46 tons per square 
foot at its base. The length of the arc a bc is 434 feet, which 
for the slice 1 foot thick, gives a bounding area of 434 square 
feet. Therefore, the force which causes distortion in the zone 
limited by a b c is 2.3 tons per square foot of the limiting 
surface of distortion. This force does not at first cause 
shearing but only very slow distortion, or plastic movement, which 
gradually weakens the rock, so that eventually the slow dis- 
tortion gives place to a much more rapid shearing movement. The 
time when this change first takes place to a notable extent, 

is when the first big slump of the moving mass occurs, when it 
first subsides 20 to 45 feet, in a few minutes to an hour or 
more, with accompanying up-bulge of the bottom. The fact that 
this relatively sudden movement may occur in some months or in 

a few years after the opening of a crack (as at (a)), indicates 
that deformation has begun, and that a slide will eventually 
occur if preventative measures are not applied. Each large 

slide of the deep deformation type may be thought of as be- 
having in much the same manner as the thin slice herein discussed. 


The Soil Mechanics Section made many tests on the 
Cucaracha rocks and found their shearing strength to vary be- 
tween 2 and 25 tons per square foot, however, laboratory tests 
cannot well evaluate the weakening effects which faulting, 
jointing, and the dip of bedding toward the excavation may have 
on large masses of the rock, nor the point at which extremely 
slow deformation may begin. 


The material in the upper part .of the sliding mass, 
and also that which is pushed up in the bottom of the excavation, 
is not mud, but large fragments of rock, up to 20 or more 

cubic yards in volume, with smaller fragments and some finely 
ground material between the larger pieces. This broken material 
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takes in much rain water, which eventually becomes kneaded 
into the moving mass below, further lubricating and adding 
weight to it. Deepening of the cut also increased the stress 
and accelerated slide movement. This movement, at some 

depth, ground up the soft Cucaracha rock, made slippery by 

its considerable content of bentonite, so that the end product 
in the lower part of each slide became more and more unstable 
and plastic; finally an end product having about the consis- 
tency of mud is approached. 


















Remedies for Deep Deformation Slides 





There is only one practicable way to prevent the deep 
deformation type of slide and that is to make the excavation 

to predetermined slopes that will remain stable so that no 
initial movement will occur. When movement begins, through 
extremely slow plastic flow, the rocks are weakened to depths 
much below the bottom of the excavation. (Figures 2 and 4.) 
Several million cubic yards of material were involved in some 
of the slides. Obviously there is no practicable way to stop 
slides of such dimensions, where there is no solid bottom 

rock to tie to. 





In the old days when causes were not inquired into as 
carefully as they now are, many persons held that the best 
treatment for the slides was to let them come down, then shovel 
them out from the bottom. However, many of them came so fast 
that steam shovels, locomotives, railroad equipment, drilling 
rigs, tracks, drainage, air lines, etc., were buried, smashed 

or severely damaged, causing serious and expensive delays in 

the noe of excavation. If banks had been cut to slopes of av 

on 4” or a little flatter, depending on the depth of the 
excavation and the degree of weakening in the rocks by jointing, 
faulting, and beds that dip excavationward, there probably would 
have been no important slisen, and the maximum flatness of slopes 
where sliding occurred, now 1¥ on 12h, would never have been 
reached. The remedy which was applied in Gaillard Cut was 

to terrace the slopes back and make them flatter. (Plate 20.) 
This remedy gave favorable results, but came into use too late 
and was not pushed vigorously enough to give maximum benefit. 


















Mr. D. W. Bolich, Division Engineer, in a letter 
dated March 21, 1908, to his chief, Major Gaillard, advocated 
flattening of the slopes to lessen the tendency to slide. His 
tremendously important suggestion got nowhere, and not long 
afterwards he left the service. (File 9-L-l1 part 1.) 






In a report by General Goethals, dated November 15, 
1915, (File 9-L-1, page 15), the lightening of the banks is 
discussed as follows: 
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"The geologist, (MacDonald), after examining 
into the situation, strongly endorsed the lightening 
of the banks, not alone because of upsetting and 
delaying operations within the prism, but because 
each slide of this type deforms and weakens the 
rocks down below the limits of the material which 
actually goes into the Cut at the time, and this 
sheared and weakened rock requires much flatter 
slopes to maintain itself than would have been 
necessary had it not been strained by pressure and 
deformation. 






"The work of lightening both the east and 
west banks was carried on until December, 1913, 

at which time 6,533,924 cubic yards had been re- 
moved from the east bank, and 8,797,990 cubic 
yards from the west bank, resulting in slopes of 
from 1 on 1.5 to 1 on 6.5 for the east side, and 
from 1 on 2.46 to 1 on 4.35 for the west side; the 
slopes were arranged in a series of benches. 

(See Plate 20.) 






"The result of this method of procedure was 
that when the operations in the Cut in the vicinity 
of Culebra were completed, prior to the admission 
of water, the breaks in the banks and the upward 
movement of the bottom, had ceased entirely." 


After water was let into the canal, the terracing process 
abandoned, dredging operations began at the toe of the bank, and 
the time factor had an opporturrity to manifest itself, slide 
movement recommenced on a large scale and temporarily closed 

the canal. (Plates 11 and 12.) Had the advice of Division 
Engineer Bolich been heeded, when given in 1908, the taxpayers 
would have been saved a great deal of money. 


In 1937 an article was written on the slides, which . 
repeats some of the misinformation on the subject that was 

more or less current twenty-five to thirty years ago. Typed 
extracts from the article are in the files, (9-L-l (7)), but 
no reference to the author. The following is quoted from the 
"extracts": 










"To remove the hazards of the slides by those 
methods, (the method oflightening up the banks in 
dangerous areas by terracing with steam shovels) 

would have required vast extension of the railroad 
trackage to attack the dangerous masses at the top, 
removing weight .. . The determination of the best 
location to attack by these methods was very 
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difficult, and unless made with accuracy, unnecessary 
material might be removed in large quantities and at 
great cost." 


In comment on the above quotation about 90 per cent of 
all the material that slid is from the Cucaracha formation, the 
limits of which are very easily and clearly defined (Plate 1). 

Most of the balance of the slide material came from areas weakened 
by structural conditions in the rocks, chiefly by faulting. (Plate 
1.) All such fault zones can be very easily and accurately lo- 
cated by a geologist, during and after excavation. It is therefore 
contrary to fact to say that, "The determination of the best 
location to attack by these methods was very difficult." Also in 
the same category is the statement that "vast extension of railroad 
trackage" would have been required, because the slide areas are 
fairly well localized and the necessary trackage to practically all 
of those areas was available during Canal construction and for some 
time after. 


All of the deep deformation slides started by showing 
a vertical crack as their outer boundary, (Plate 19). The mass 
between this crack and the excavation eventually settled down 
twenty-five to forty-five feet, by squeezing its base material 
outward toward the excavation. As time passed much of the settled 
down mass had to be removed. This left a steep escarpment back 
of each slide, which, if not flattened down, tended to develop 
another slide still farther back from the canal. In the case of 
the east Culebra slide, the present average slope from the top 
of the fairly steep slope at the back, to the toe of the excavation 
is about 1 vertical on 6.3 horizontal. The slope to the foot of 
this escarpment, a distance of 1300 feet from the canal channel, 
is now about l vertical on 12 horizontal; however, 1000 feet of 
this distance has a slope of 1 vertical on 20 horizontal. Plates 
23 to 31 show something of the development of the East Culebra 
slide. In plate 23 the slope is high and steep, for sliding on a 
large scale had not yet developed. In plate 31, after maximum 
sliding, the slope is very flat. 


Some Typical Deep Deformation Slides 


The East and West Culebra slides, of the deep deformation 
type, first showed considerable activity in 1907. Mr. Howe, Geologist 
for the Isthmian Canal Commission for a short time in 1906, observed a 
crack in the ground in front of the Culebra boarding house, about 100 
feet from the edge of the excavation. The subsequent history of this 
"break" is not known. A quotation from General Goethals is as follows: 


"In October, 1907, a crack developed 50 or more feet 
from the face of the bank on the west side of the canal 
near the old railroad station at Culebra. Subsequent 
to the cracking, the ground to the west of it 
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showed perceptible settlement, though the elevation 

of the portion between the crack and the prism remained 
unchanged; this settlement was accompanied by a bulging 
up of the bottom of the canal sufficient to raise the 
shovel. At the time this occurred the shovel was at 
elevation 175, and the subsiding portion of the 

upper bank was at elevation 275. Ultimately the portion 
between the crack and the prism settled down, sliding 
into the prism. Subsequently new cracks developed 
farther back, followed by similar settlements and 
movements into the cut, involving large masses of 
material; the same condition developed on the east 
side." 


It is notable that the above slide in Cucaracha rock 
began to develop when the cut was about 100 feet deep and had 
a slope of 3 vertical on 2 horizontal (Figure’4). The vertical 
crack at the back of the movement was the first indication that 
a slide of this type was developing. The bulging up of the 
bottom in front of the moving mass, concomitant with the first 
big slump, was typical of the deep deformation type of slide. 
This is the first record of this type of movement. It placed 
“handwriting on the wall", but there was nobody present who 
could read it. 


In November, 1909, the west Culebra area was the 
scene of large new sliding movement. A "Canal Record" account 
of this is as follows: 


"For about two years there has been a crack in 
the west bank at Culebra, nearly 2,000 feet long and 
extending back toward the village a distance of from 
600 to 900 feet from the center line, (cut 300 feet 
wide at bottom). There has been no appreciable widen- 
ing of this break as a result of the recent rains, but 
it is considered as defining the limits of the Culebra 
slide. It is estimated that 2,000,000 cubic yards is 
comprehended within these limits... . 


"There have been three distinct movements of 
the Culebra slide at Culebra village since the 
heavy rains of November saturated the ground. The 
first of these occurred on November 16, when a 

mass of earth estimated at approximately 110,000 

cubic yards broke away from the west bank and moved 
into the prism of the canal, carrying a portion of 

the old main line of the Panama Railroad and putting 
three construction trains out of service. On November 
28, this material moved farther toward the center 
line and filled in the pioneer shovel cut... . 
During the morning of December 4, the west bank gave 


= bh - 

















LONG-RANGE PROGRAM FOR THE PANAMA CANAL 587 


way a few hundred feet north of the first slide and 
settled down into the cut. The earth raised a mound 

30 feet high in the prism of the canal... . Although 
these movements . . . .are in a sense local, they really 
form parts of one large movement of material... . 
toward the prism of the canal." 


In the above description the slide material is referred 
to as “earth.” However, it actually occurred in Cucaracha 
rock. Again the bulging up of the bottom of the cut gave a 
warning that was not understood. Slides of the deep deformation 
type developed in-the dry as well as in the rainy season. After 


the first big slump they generally moved faster in the wet than 
in the dry season. 


The type of crack that developed (above quotation) 
is shown by Plate 19. The canal excavation is some hundreds 
of feet to the right. Plate 14 shows the back part of the 
front block (A) higher than the front part of the back block 
(B), and (C) shows a very large block of basalt (thousands 
of tons) which broke off from the steep face of Zion Hill (D), 
due to the squeezing out of the underlying plastic Cucaracha 
rock, on which it moved very slowly toward the canal channel. 


The great cracks in the ground, roughly paralleling 
the excavation, which were really the beginnings of the deep 
deformation type of slide, were referred to by the engineers 
as "breaks". After a time they found by experience that these 
"breaks" were the first manifestations of enormously large 
slides. Regarding these breaks the following is quoted from 
ei report dated November 15, 1915 (File 9-L-1 
page 14): 


"The first break affected but a few hundred 
feet, but as the depth of the excavation increased, 
the breaks became more extensive both in length 
and quantities of material involved; furthermore, 
they occurred on both the east and west banks, 
until the upward movement along the bottom of the 
excavated area affected a length of 2,000 feet, 
north of Gold Hill. The borings of record failed 
to disclose any weak underlying strata. The cause 
undoubtedly was the unequal distribution of the 
pressure exerted by the adjacent banks. Such 
being the case, it followed that if the height of 
these banks were reduced, the movement would be 
lessened, and if reduced sufficiently would cease 
entirely. Opposition developed to this method on 
the grounds that more material would in all probability 
be removed than was necessary, that by allowing 
the material that broke off to move into the Cut, 
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the minimum amount would be handled, resulting in 
reduced costs, and the material left to itself would 
assume the natural slope that would result in rest 
under the conditions that existed. 


"The difficulty was that each break overturned 
the tracks at the bottom of the excavation, inter- 
rupted drainage, thus seriously interfering with and 
delaying operations in the prism, not only in the 
vicinity of the break, but at the localities where 
the shovels were drowned out through the stoppage of 
drainage, or where the train service to and from 
shovels depended upon the overturned or broken tracks. 
The expense involved by this condition would more 
than offset the cost of any excess of material, if 
any, that might be moved from the upper levels." 
(See Plate 20 for terracing and Plates 5 to 12 for 
some of the results of sliding.) 


From the above quotation it is evident that though 
the engineers had the "borings of record" at their disposal, 
they failed to get the full story that those boring records 
contained. No one is to blame for this condition. The 
engineers did their best; they were not geologists. Even 
geologists, without experience in the type of rocks involved, 
might have done no better. In fact, a geologist who visited 
the canal and spent some hours in the sliding area in 1915, 
was quoted in the New York papers to the effect that the 
canal would not be available for uninterrupted service for 
several years. (See Gen. Goethals comments on this matter 
in I.C.C. report, 1916, p. 35.) 













General Goethals was probably the only member of 
the engineering staff in 1912 who seems to have realized the 
significance and danger from the deep deformation type of 
slide. Ina letter dated May 20, 1912 to the division 
engineer, he wrote as follows: 






"The estimated amount of material remaining 
to be removed is based upon theoretically assumed 
slopes. The actual amount is dependent on slides, 
and it is safe to say will exceed the 10,000,000 
cubic yards estimated. On Monday, the 13th instant, 
a heave-up occurred in the bottom opposite Culebra 
which seriously interfered with the movement of 
trains, resulting in increased cost. Had a greater 
amount of material been removed from the top, 

even at a greater cost, and this heaving avoided 
thereby, it is possible that economy may have been 
secured. Every such movement results in loss of time 
on the lower levels, - an important consideration in 
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removing the estimated amount of material. It has 
always seemed to me wiser to remove even more from the 
upper levels than may eventually be necessary in 
order to relieve the bottom of the interruptions 
incident to the heaving-up with the attendent 
increase in cost and loss of time. 


"The Culebra slide is still in motion, and it 
must be relieved either from the top or by 
material being taken out from the bottom. I prefer 
the former course, and am therefore opposed to 
cutting down any part of the work on the upper levels 
in the Qulebra District unless it proves absolutely 
impracticable to continue it, which is not the case 
at present." (File 9-L-l Part 2.) 


This writer came to the Canal Zone early in January, 

1911. After a few weeks' study of the slides he recommended 
cutting berms in the slopes (benching them) and thus making 
them flatter. This work was carried on during much of 1911, 
1912, and 1913. This flattening of slopes, although not 

pushed ahead as vigorously as advocated, decreased the slide 
movement. However, the cut was still being deepened, which 
eventually offset the good effects of flattening the slopes. 


In January, 1911, renewed activity of the west 
Culebra slide occurred with the movement of some 250,000 cubic 
yards of material into the lower cut. Back of this slide 
which was opposite the Culebra Hotel, other cracks formed 
in the surface, endangering a number of houses. Other 
movements began, though it was the dry season. Soon the 
connected west Culebra slide area paralleled the canal 
excavation for more than a mile. 


A development of the east Culebra slide occurred on 
February 9, 1911, when a section of the bank 1100 feet long 
suddenly settled down nearly vertically for some 30 feet, in- 
volving about 550,000 cubic yards. On February 10, a section 
of the bank just north of the above slide, broke away, 
causing about 250,000 cubic yards of Cucaracha rock material 
to crush down into the cut, wrecking many of the tracks. 


By 1913 the east and west Culebra slides had eased 
up somewhat as a result of terracing the slopes, thus making 
them flatter. However, cracks had appeared on both banks, some 
of them 100 or more feet back from the edge of the excavation. 
A large crack had been in existence for some years on the slope 
of Zion Hill. Other cracks were in evidence on the benches 
that formed the slope of Culebra Hill. Regarding the 
condition of these cracks in the early part of 1914 we may quote 
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General Goethals: (9) 


"The cracks were suspicious, and to guard 
against possible contingencies it was considered 
wise to resume steam shovel operations. This 
was cone and continued until July 1, 1914, when 
all trace of the cracks had been removed, ex- 
cavation was stopped... . As the last steam 
shovel was being taken away from the west side, 
the lowest bench gave way, the material moving 
into the cut; the amount was small and J 
removed by dredges." 


As a matter of fact the work of flattening the slopes 
was carried on more or less half heartedly, because many of 
the engineers of that time believed that the best way to handle 
the slides was to let them come down, so that the material 
could be dug out from the bottom. They did not understand the 
significance of the deep seated deformation which weakened 
the rocks to depths well below the bottom of the excavation. 
They were opposed to the “excavation of more yardage than 
was necessary." The results of this policy, as already 
indicated, were very costly. (See Effects of the Slides, 
page 2 and Plate 5 to 12.) 


Both the east and the west Culebra slides continued 
to develop new cracks through 1915, and to work back into what 
had been believed to be solid ground. A slide from the east 
side had blocked the canal for a time in October, 1914. Because 
of slides the canal was closed during much of 1915, and for a 
considerable time during the first part of 1916. Between 
January lst and December 1, 1916, 9,521,781 cubic yards of 
slide material were removed from the Culebra section, leaving 
6,347,656 cubic yards still moving slowly toward the canal. 
On April 15, 1916, the canal was again opened to ship transit, 
but had to be closed for short periods after that date. 


With the widening of the canal channel from 300 to 
500 feet by dredges digging at the toe of the slopes, some 
sliding was again induced. Fortunately the widening in the 
Culebra area was mostly on the west side, where the sliding 
is now considerably limited hy the agglomerate and basalt 
masses of Culebra, Hodges, and Zion Hills. Some of the "over- 
hang" of these hard rock hills slid, after squeezing out the 
underlying incompetent Cucaracha rock. (See Plates 13, 14, 16, 
17 and 18.) 


Conclusions Regarding Deep Deformation Slides 


Slides of the deep deformation type had not been 
encountered before 1907 by American engineers, so far as this 
writer knows. They are generated only where deep excavations 
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cause high unbalanced pressure in relatively weak rocks. 

Where deep cuts have to be dug in soft, fine-grained rocks, 
its should be made so that the following questions can 
answered: 


(1) Does the material contain any considerable 
proportion of clay minerals, or other secondary hydrous 
minera, substances that are slippery? 


(2) Does it contain a considerable percentage 
of colloidal grains? 


(3) After first-sized fragments of the rock have 
had a chance to lose water by drainage and by evaporation 
at ordinary temperatures, in the shade, do they still 
retain a fairly high percentage of water? (When the 
percentage of water that can be driven off from a 
soft shaley rock below 105° C is greater than 15 per 
cent by volume, then one must suspect its stability.) 


(4) Does it break down easily when an air- 
dried sample is placed in water? 


If the above questions have to be answered in the | 
affirmative, then deep excavations in such rocks are very 

likely headed for trouble, unless great care is exercised to | 
have the excavation made to predetermined slopes that are | 
safe and stable. In the interests of economy such slopes 
should be designed with a view to minimum of excavation, as 
well as safety. 


STRUCTURAL SLIDES 
General Discussion 


Slides of the structural kind were not as large or 
as troublesome as those of the deep deformation type. They 
were due to the structural conditions of the rocks involved, 
chiefly to joint zones and to faults which trend across the 
canal prism, particularly to those which cross obliquely and 
are inclined from the vertical. Bedding surfaces which dip 
toward the excavation, particularly if they form relatively 
impervious zones underlying somewhat pervious material, are 
also weakening factors which make for slope instability. In 
other words, these slides were intimately related to the local 
geological conditions. Wherever surfaces of bedding, faults 
or joints in the rocks, dip as steeply as, or steeper than, 
the estimated safe slopes for that particular rock, then the 
Slope stability in that area is gravely threatened. 
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East La Pita Slide 


The East La Pita slide, typical of the structural 
type, developed to its final proportions from several slides, 
the most important of which occurred in May, 1910. It 
extended from station 1661 to 166350. The structural conditions 
which gave rise to this slide are shown by plate 32. 
(MacDonald (17) opposite page 65.) The rock succession consists 
of a somewhat softened and hydrated, fairly fine-grained, 
volcanic agglomerate, having a speckled light-gray to brownish 
appearance. The matrix of this material has been considerably 
altered to a somewhat clayey consistency, rendering the rock 
much weaker than it originally was. On the irregular surface 
of the agglomerate there is a flow of black, hard, columnar 
material, ten feet or more thick, which contains a good 
many andesitic-like fragments in a black, glassy matrix. 
Because of its columnar jointing, this rock is fairly 
permeable and not particularly strong. It weathers and 
disintegrates into fine fragments, almost like dark-gray, 
fluffy, volcanic ash, and may be classed as a sort of lava-mud 
flow. On top of this there is more somewhat hydrated, or 
bentonitized agglomerate. This succession is indicated 
by e, plate 32. On top of this there is a hard, dense, reddish 
andesite-breccia, a strong rock, which is about 50 feet thick 
and is indicated by d, plate 32. On top of this there is a 
thin deposit of reddish tuff. The cut bank here was about 
90 feet high at the time of the slide, and looked very strong 
to any one who did not observe the fault zones. One fault, 
a, which crossed the excavation obliquely, cut in behind the 
block which failed, and intersected the Obispo Diversion, 
shown atc. The other fault, b, crossed the excavation at 
about a right angle. The water from the Diversion seeped 
down the fault zones, got into the columnar jointing, and 
was slowly fed into the agglomerate mass, e. Eventually the 
agglomerate base softened and failed, letting down the 
20,200 cubic yard block shown in plate 32. This slide could 
have been prevented by making the slope between the two 
faults just a little flatter, and by shutting off the seepage 
from the Obispo Diversion, which could have been done either 
by grouting, or by puddling with fine clay. 


Another La Pita Slide 


In August, 1912, another and larger slide occurred in 
the La Pita area, near station 1651. The geological conditions 
here are much the same as those which caused the slide of 
May, 1910, above described. A fault crossed the canal channel 
somewhat obliquely, cutting in behind the block which failed, 
and intersecting the Obispo Diversion. This supplied water to 
a weak clay-bearing agglomerate, beneath a brownish to reddish 
andesite-breccia flow, a dense strong rock some 60 feet thick. 
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The faults cut the strong andesite-breccia from any lateral 
support and supplied water to the agglomerate base, which was 
gradually softened and finally failed. Its failure brought 
down, from the 125 feet high bank, about 300,000 cubic yards 
of rock, as shown in plate 33. It blocked the drainage ditch, 
destroyed railroad tracks and cars, and turned the Obispo 
Diversion into the canal. A little flattening of the slope in 
the vicinity of the chief fault here, and prevention of 
seepage into the fault zones, would have avoided this slide. 


Powderhouse Slide 


The Powderhouse slide, opposite Las Cascadas, stations 
1620 to 1630, grew to final proportions from some relatively 
small slides. Two of these, and the geological conditions which 
gave rise to them, are indicated by Plate 37. This shows the 
fault, a, which weakened the light gray weathered tuff, on 
the right. This rock eventually became waterlogged and slid 
canalward on the sloping surface of the underlying reddish tuff, 
the upper part of which had been weathered to a clayey consistency. 
The strong andesite rock mass just to the left of the fault, 
a, is quite able to support the point B, at this stage of the 
sliding. The fault, b, weakened the dark, soft agglomerate 
on the right and introduced seepage water from the Obispo 
Diversion. These two factors eventually caused the agglomerate 
to fail. Faults commonly promote slides on the side toward 
which they dip. Later this slide gradually developed over a 
much wider area, because of the canalward dip of the tuff beds, 
locally helped by some faulting. Plates 35 and 36, July, 1926, 
illustrate a later development on the old Whitehouse slide. 
They show the tuff beds dipping toward the canal. The upper 
zone of these, somewhat pervious, rests on a relatively im 
pervious lower zone. Rain water got into the upper pervious 
zone, but had to seep canalward along the relatively impervious 
inclined surface of the lower zone, which thus became somewhat | 
lubricated. Eventually, during a heavy rain, renewed sliding | 
developed. Fault breaks and joints that dip excavationward also 
promote slumping in much the same way. 


The East Whitehouse Slide 





The East Whitehouse slide, opposite station 1595 to 
beyond station 1600, developed because of the geological condi- 
tions shown in plate 38. At the time this slide began, the bank 
stood about 140 feet above the bottom of the excavation. A 
fault plane (a-a) crosses the Canal at about a right angle. It 
has a vertical attitude and apparently not much vertical dis- 
placement. For these reasons and because it cuts strong rocks, 
this fault caused no sliding. Another fault plane (b-b) with 
indication of fairly extensive movement, dips southerly and 
has weak, soft agglomerate on the right, opposite strong rocks 
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on the left. The agglomerate is capped by a thick layer of 

soil through which considerable water, from the Obispo Diversion, 
found its way. Water from this source also seeped out along 

the fault planes and joints, particularly following the broken 
agglomerate along the fault breaks. This seepage water 

weakened and lubricated the softer rocks, until they finally 
failed and crushed down as shown in plate 38. This slide 

first became active in October, 1908, and gave more or less 
trouble at intervals until October, 1911. Further sliding 
occurred toward the end of 1912, since which date it has 

been comparatively quiet. This slide, now practically dead, 
contributed over half a million cubic yards of material 

that had to be excavated. It had an area of about 6.5 acres. 

It is classed as a structural slide, because faulting was the 
chief factor which caused it. 
























Conclusions Regarding Structural Slides 


All of the structural slides were intimately related 
to the local geology. Most, or perhaps all, of the slides 

of this type might have been avoided by making the excavation 
slopes a little flatter in the vicinity of the fault zones 

or where the tuff beds dip toward the canal and by sealing 
off the seepages fram the Obispo Diversion ditch, which 
slowly permeated the foundation rocks and eventually softened 
and greatly weakened then. 


It is to be noted that no sliding occurred where the 
faults are nearly vertical, cut fairly strong rocks, and 
trend about normal to the Canal axis. Oblique faults dipping 
between 40 and 75 degrees from the horizontal are most likely 
to generate slides. However, the character of the rocks cut 
through is the most important slide-causing factor. The 


danger of sliding increases rapidly with the depth of the 
excavation. 













MUD SLIDES 


General Discussion 













Mudflow slides originate where water films surround 
the fine grains in clayey material lying on a slope. They are 
more common in most parts of the world than any other type of 
slide, though not nearly as important on the Canal Zone as 
the slides hereinbefore described. The chief factors in the 
development of slides of this type are: (1) a considerable 
proportion of very fine-grained clayey material resting on a 
sloping surface, (2) water sufficient to lubricate the mass. 







Slides of this type are more likely to develop on 
a large scale in regions of Tertiary fragmental volcanic rocks 
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of basic composition, where the climate is moist and warm. 

Railroad, road building and upkeep are rendered more difficult 

in the Andean, Central American and Coast Range mountain areas 

of the Western United States because of the tendency to the | 
development of earth movements of this type. In the above 
regions volcanic activity was very great in Tertiary time. 

This resulted in vast showers of basic volcanic ash over a 

wide extent of the area mentioned. A considerable proportion 

of this material indicates that it may have been blown from 

volcanoes as a fine lava spray which quickly hardened into 

minute particles of volcanic glass. Groundwaters, rich in 

organic acids from decaying vegetation, and possibly containing 

some volcanic and other gases in solution, have altered these 

fine particles, into keolinite, bentonite, and other groups 

of hydrous, slippery minerals. Many of these secondary mineral 

particles are of colloidal size, are surrounded by absorbed 

water films, and thus cannot be relieved of their water by 

ordinary drainage methods. Such materials are relatively 

plastic, particularly in a wet climate. 


The topography of the Canal Zone and adjacent parts 
of Panama is peculiar in that many very steep sided, irregular 
hills stand high above wide, flattish areas and narrow valleys. 
Faulting has influenced the topography, but the higher hills 
are chiefly composed of hard, resistant, igneous rocks, 
mostly basic but with some of acidic composition, such as the 
rhyolitic rocks of Ancon Hill. The basic resistant rocks 
are mostly basalts and andesitic lavas and agglomerates. 
In general the hill-forming lava rocks have mushroomed somewhat 
over the sedimentary rocks which they cut, thus locally protecting 
the latter from relatively rapid erosion. As the valleys were 
cut deeper by erosion, and the slopes of the hills became 
steeper, landslides developed in the weathered surface material. 
The trained eye can not detect old landslide scars on most 
of the high hills. Such slides were chiefly of the mudflow 
type. The old scars which they left on the hillsides should 
carry a warning to engineers who would disturb what appears to 
be stabilized slopes in such areas. In potential slide areas 
of this kind, a hand auger can be used to great advantage 
in determining the type of material that lies below the surface. 
If several feet of plastic clay, having a soapy feel, is 
found, then deep cuts with steep sides should be avoided wherever 
possible. A little care in this way, before locations and plans 
are finally completed, will often save a great deal of trouble and 
expense from slides that may develop and earth movements that may 
continue for many years after completion of the road or other 
engineering work. If bentonite is present in considerable 
amounts in clays on a hillside, a cut in the slope, even.if only 
a few feet deep, may result in starting slides that will keep 
moving until the slope becomes as flat as, or flatter than, 
1 vertical on 10 horizontal. In some cases, tiny fragments 
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of rock in the weathered surface-material are covered with 
films of bentonite. Under such conditions the actual pro- 
portion of bentonitic minerals present is not very large, but 
the instability of slopes in such material is particularly 
high. 


In warm moist climates a weathered zone from one to 
ten yards thick develops in basic tuffs. This weathering 
is greatly aided by organic acids from decaying vegetation. 
The mineral particles thus acted upon are gradually changed 
into exceedingly minute flakes of sericite, kaolin and the 
bentonitic minerals, all of which are hydrous, have a greasy 
feel, and furnish many colloidal particles. The calciun, 
potassium and sodium silicates are broken up and, to a 
considerable extent, are leached away, but may be partly 
deposited at some depth below the surface, thus leaving the 
upper part of the weathered zone more permeable, and the 
lower part less so. Colloidal particles washed down from 
above also get into the interstices in the lower zone of 
weathering, and help to make it relatively impervious. If 
this tight zone is inclined, then when the porous weathered 
zone becomes filled with water moving down the relatively 
impervious, inclined bottom zone, mudflow slides are very likely 
to develop. 


Cucaracha Slide 


The Cucaracha was by far the most important slide 
of the mudflow type which occurred on the Canal. However, even- 
tually it also involved considerable Cucaracha rock, and extended 
below the weathered zone. It began in the time of the old French 
Company and was active at intervals until June, 1915. Drainage, 
tried by the French, was of no avail. The slide first gave 
trouble to the Americans in 1905, then remained fairly quiet 
until 1907. The rapid deepening of the cut in front of the area 
finally resulted in a slide in October 1907, which completely 
closed the prism. The material kept moving down to the shovels 
digging at the base. Finally the lowering of the surface un- 
covered large basalt dikes on the slope, 50 to 200 feet above 
the bottom of.the cut. These gradually emerged and stood for 
a time as islands in a slowly moving flood of sliding material. 
The cut in front of the slide was being deepened, thus greatly 
increasing the tendency to slide. About the end of the wet 
season, in January, 1913, the tops of the dikes were sheared off 
by the tremendous weight of the accumulated material piling 
up and pushing against them. This let down another great 
volume of material, which again blocked the prism, reaching 
to an elevation of 69 feet above sea level, or 29 feet above 
the bottom of the excavation, on the opposite or west side of 
the Canal. In February 1913, it was estimated that between 
2,000,000 and 3,000,000 cubic yards of rock and clay were moving 
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down the slope in this area. The mudflow character of the 
movement of this slide is well shown in Plate 40. The weathered 
overburden of ¢lay and decayed rock in the vicinity of the 
Cucaracha slide averaged something like 25 feet thick, as indi- 
cated by some old records. Much unweathered Cucaracha rock was 
involved in the lower part of the slide. 


‘This slide reached back to a basalt ridge 1900 feet 
from the toe of the slope and standing about 550 feet above 
canal bottom level. A considerable part of the cross-section 
(station 1808+50) shows the present slope of the lower part 
of the slide to be 1 vertical on 8 horizontal, but the average, 
up to the steep basalt ridge which limits the slide, is 
something like 1 vertical on 4.8 horizontal. However, were it 
not for basalt dikes, the final slope would be very much flatter. 
This slide with an area of a little more than 60 acres, con- 
tributed over 10,000,000 cubic yards of material that had to be 
excavated. 


The Cucaracha slide is now practically dead, thanks 
to the resistance of the large basalt dikes. These have 
buttressed back a flood of muddy material, carrying many large 
fragments of basalt rock broken off from the upper part of 
Gold Hill and the basaltic ridgé at the head of the slide. 

If the dikes hold, and it is believed that they will, no 
movement of importance should again develop here. 


Paraiso Slide 


A slide at Paraiso first gave some trouble to the 
old French Canal Company. It became active again in March, 1907, 
and finally became dormant in May, 1912. It is located on the 
east bank of the canal near Paraiso. A cross section, station 
1873+00, shows that this slide extended back 450 feet from the toe 
of the excavation, at which distance its outer edge was 130 feet 
above the bottom of the cut, thus giving a present average 
slope of nearly 1 vertical on 3.5 horizontal. The area of this 
slide is about 5.7 acres, and the total material which slid, 
about 385,000 cubic yards. (A picture of this slide is in the 
Isthmian Canal Commission report for 1908, Plate 12.) 


The cause of this slide was a considerable thickness 
(10 to 15 feet) of slippery bentonitic clay, weathered from the | 
underlying Cucaracha rock, with the contact zone between the 
clay and the rock dipping canalward at a slope which seems to have 
been about 1 vertical on 3 horizontal. The soapy clay was cut away 
at the toe by the canal excavation. This started slow canalward 
movement, causing cracks in the clay, which was already more 
permeable to water in its upper part than the unweathered Cucaracha 
rock below it. As movement went on more water was kneaded into 
the clay, increasing its plasticity and finally causing the water- 
logged clay overburden to slip downward on the sloping soapy surface 
of the Cucaracha rock. 
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Cucaracha Village Slide 


The Cucaracha Village slide is on the east side 
of the Canal, about station 1841. It became active in 
September, 1911, and lapsed into quiescence in December, 1912. 
The total amount of material which moved during its period 
of activity was 231,000 cubic yards. However, the cross- 
section, station 1841+00, shows that between 1915 and 1932 
some further sliding occurred here. The present slope extends 
back 625 feet from the toe of the excavation, and reaches 
a maximum elevation of 120 feet above the bottom of the 
canal, thus giving a present inclined surface of 1 vertical 
on 5-1/4 horizontal. 


The Cucaracha Village slide is in plastic clay 
that weathered from the underlying Cucaracha rocks. The 
causes leading up to the movement were practically identical 
with those which gave rise to the Paraiso slide. 


South Cucaracha Slide 





The so-called South Cucaracha slide is also of the 
mudflow type. It developed where clay overburden, weathered 
from Cucaracha rock, slid off the sloping surface of the 
slippery underlying unweathered Cucaracha formation. This 
slide was limited on both sides and at its head by basaltic 
rock dikes and masses. (Plate 1.) It had an area of about 
10-3/4 acres and a slope, throughout its lower 500 feet, 
of about 1 vertical on 5 horizontal. However, again the slope 
would have been flatter but for the presence of basalt dikes. 
The causes leading up to this slide were practically the same 
as those given for the Paraiso slide. 


Thatcher Highway Slide 


The Thatcher Highway was completed April 12, 1932. 
Some time later a slide occurred near milepost 3.5. It moved 
fairly rapidly, sweeping out 120 feet of the highway. It ex- 
tended up the hill, for about 120 feet in its central part, and 
135 feet on each side. 


This slide, of the rapid mudflow type, probably had 
a@ maximum depth of not more than 15 feet. It was due to porous 
clay overburden slipping off the weathered and sloping surface 
of basaltic to andesitic bedrock. It was a quick slide and is 
now completely dead, because the overburden has all gone off, 
leaving the much weathered surface of the bedrock exposed. 


Apparently this slide had an area of not more than 
0.4 of an acre and involved something like 6000 cubic yards of 
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material. It was caused by the road-cut through the clay 
overburden on the side of a hill, leaving a slope too steep 

to stand, when the clay became well saturated in the rainy 
season. The clay was fairly permeable to water, while the 
upper zone of weathered rock was very little so. Groundwater 
moving downward through the clay was deflected down the sloping 
surface of the weathered bedrock, lutricating it, so that the 
well-saturated clay, overstressed first at the oversteepened 
road-cut, was set in motion and slipped down the hillside. 


Possibly drainage might have prevented this slide. 
A surer and less costly prevention method would have been a 
flatter and less deep road-cut in this weak material. 


Madden Dam Road Slide 


This slide, 1 mile north from where the Gamboa road 
branches off, is a slow motion mud flow type. It began when the 
roadway was cut through the clay overburden on the side of 
a hill, having a surface slope of only about 1 vertical on 
9 horizontal. The depth of the road-cut through the granular 
red clay overburden apparently was not over 12 feet, but it 
extended down a few feet into the slippery weathered Cucaracha- 
like rock below. Slow motion sliding began shortly after 
the road-cut was completed, about eight years ago, and has 
continued, during rainy seasons, ever since. Slow motion down- 


hill creep is likely to continue here for another eight years, 
or longer. 


Apparently because the road has been cut a couple 
of feet or more below the zone of sliding the road has not been 
pushed aside by the movement. However, removal of clay and 
mud from the road pavement is an annual maintenance job. Move- 
ment begins about 390 feet uphill from the road, and is about 
250 feet wide. Because it has not moved the road the maximum 
depth of the moving mass cannot be more than 20 feet. Apparently | 
something like 50,000 cubic yards of material are involved in 
this slow, glacier-like movement, which shows many transverse 
"crevasses", from a few inches to three feet wide, and up to 
five feet deep. The material crevassed is red clay, somewhat 
granular in the dry season, and containing many large and small 
fragments of hard fresh basalt. Below the red clay lies soapy 
greenish clay, which seems to be weathered Cucaracha rock. 


The slope on the surface of the moving material from 
the toe of the slide at the road to its upper edge 390 feet back 
from the road, is 1 vertical on 7.6 horizontal. The slope on the 
upper part of the slide, from its beginning to where it has been” 
steepened by excavation to keep the road clear, is about 1 vertical 
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on 8.8 horizontal. Basalt fragments ride on and in the moving 
material. These fragments came from the basalt hill at the 
head of the slide. The amphitheater in the side of that hill, 
now covered with trees is an old landslide scar, indicating 
weak rocks in the general area. The basalt rocks forming the 
upper part of the hill, came up through the plastic sliding 
rock, in a molten condition. They mushroomed out on top, 

and solidified, partly overlying the plastic rock. This over- 
lying part of the strong basalt finally squeezed out the 
plastic rocks beneath it, broke off along cooling joints and 
moved down hill riding slowly partly submerged in the weathered 
surface of the plastic rock. 





i 
| 
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The cause of this slide is the soapy or plastic 
character of the very fine-grained and impermeable, clayey 
rock, under several feet of overburden, the whole having a 
downhill slope. In the wet season the overburden becomes 
saturated and loaded with water, some of which is kneaded 
into the upper part of the relatively impermeable rock below, 
thus increasing its plasticity. The increased weight of the 
saturated overburden then causes the plastic rock to be squeezed 
in the direction of least resistance, which is downhill. If 
the overburden here were thicker, one would expect rapid move- 
ment of the slide. The presence of bentonitic minerals imparts 
plasticity to the rock and prepares the way for sliding. 


Drainage of the irregular surface of this alide might 
retard it considerably, but would not entirely stop the move- 
ment, because the underlying material is so fine-grained that 
only a small fraction of its water can thus be removed. 
This writer knows of no remedy to stop this slide now, that 
would be worth its cost. In road building or other engineering 
projects, it is best to investigate the nature of the material 
before cutting into it. Cuts and slopes can then be planned 
that will minimize costly maintenance charges. 


Miraflores Ferry Road Slide 


This very small slide, on the road doym to Miraflores 
Ferry, east side, developed shortly after this road was opened. 
Its width is only about 30 feet, length 84 feet and average 
depth of the moving mass about 10 feet. The amount of material 
so far removed from it, mostly in the rainy season, is not quite 
a thousand cubic yards. More will come down eventually. 


This slide developed in highly altered volcanic tuffs, 
in which much of the slippery bentonitic secondary minerals have 
formed, rendering the tuffs plastic and unstable. The immediate 
cause of the slide was the road-cut in the hillside, the slope 
of which was left too steep to stand. This slide could have been 
avoided by locating the road a few yards farther out, so that no 
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cut, or only a very shallow one would have been necessary 
in the unstable material of the hillside. Hand auger samples 
of the altered tuff would have revealed its weakness. 


Small and intermittent slides of this type are 
relatively costly to remove, because they let down muddy 
material at odd times, necessitating the sending of men and 
equipment, many times, to clear away the debris from the road. 


Slides in Black Muck, Gatun 


In excavating for the north lock at Gatun, considerable 
difficulty was encountered because of slides. The excavation, 
particularly at the north end of the north lock, was in a 
marshy area and the material cut through was soft black muck, 
rich in carbonaceous matter. It was too soft to support steam 
shovels, therefore dredges had to be used. These were floated 
inte the area of the proposed pit, and a clay dam was built 
behind them; the water was then lowered by pumping so that the 
dredges could operate efficiently. When the dredging was 
completed to 45 feet or more below sea level the slope was 
1 vertical on 13 horizontal in places. On January 25, 1913, a 
slide occurred which left a slope of 1 vertical on 20 
horizontal. There is no data as to the yardage in this slide, 
except that it destroyed two pile drivers, and covered the 
foundation for the approach wall, with from 6 to 18 feet of 
mud. This slide delayed the completion of the north center 
approach wall about six weeks. (Annual Repert I.C.C. for 
1913, page 116, Plate 19.) 


The cause of this slide was the highly plastic | 
character of the black muck, which was excavated to slopes that | 
were too steep to stand. The slope of 1 vertical on 20 hori- | 
zontal is remarkably flat. (See Figure 5, page 35, showing 
what - believed to be safe slopes for excavations in this 
muck. 


COMBINATION SLIDES 
Zion Hill 


A good example of the combination type of slide is 
that which removed the front part of Zion Hill. This hill is 
a basalt mass, which apparently came up through the Cucaracha 
and Culebra formations in molten condition. To some extent 
it mushroomed out over the Cucaracha formation, and cooled 
with many shrinkage cracks, forming numerous nearly vertical 
columnar joints. From surface observation it appeared to be 
a solid mass of basalt, which naturally was not expected to 
slide. (Plate 1.) 
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A crack, parallel to the excavation, had existed for 
some years at the foot of Zion Hill. It marked the surface contact 
between the Cucaracha formation and the basalt mass of the high 
steep hill. It was expected that the Cucaracha rock in front 
of this crack would eventually slide, which it did. Shortly 
after this partly supporting rock slid away, a crack formed 
higher up on the face of the hill. After a year or so this 
showed considerable widening and another crack still higher up 
was noted. About August, 1915, a considerable section of the 
hard basalt of Zion Hill broke away and settled down on Cucaracha 
rock below, moving very slowly thereon toward the canal. (Plates 
13, 14, 15, 16 and 17.) As time went on, even up to 1937, 

(Plate 17) every few years masses of basalt rock broke away 
from the exposed face of Zion Hill, and slipped down onto the 
Cucaracha rock below, on which they very slowly migrated canal- 
ward. Some of these rock masses were enormously large, one 
containing over 100,000 cubic yards in one solid mass. As 

they moved canalward, at the rate of a few yards per year, they 
generally turned over and broke up into smaller pieces; some of 
these reached the canal channel and were later removed by 
dredging. 


The extremely steep face of Zion Hill, where sliding 
has bared the basalt, is about 1000 feet back from the canal 
channel. The slope on the surface of the slide, for the first 
800 feet away from the canal, averages 1 vertical on 11 horizontal. 


The cause of this slide is that the Cucaracha rock 
in front of this hill moved away, as a part of the vast, west 
Culebra, deep deformation slide. Then the basalt "overhang" 
slewly squeezed out the Cucaracha rock on which it rested. This 
caused the basalt overhanging mass to break along joint planes 
into vast blocks which moved canalward very slewly, riding 
on the deforming Cucaracha rocks and breaking up as they moved. 
The slide which involves the front part ef Zion Hill is therefore 
part structural and part deep deformation type. If it had net been 
for the structural features of overhang and columnar jointing, 
very little if any of :this basalt mass would have slid. This 
slide illustrates the necessity of determining whether the harder 
stronger rocks are underlain by Cucaracha rock, and if so, of 
making the slope the same as if all the rock were Cucaracha. 


Barge Repair Slide (Hagan's Slide) 


On February 8, 1913, Colonel Gaillard, Division Engi- 
neer, wrote General Goethals regarding a slide which centered 
opposite station 1750+50, on the east bank of the Canal, now 
known as the Barge Repair Slide. From Colonel Gaillard's letter 
I quote: 


"The total amount of material in motion is probably 
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a little over 2,000,000 cubic yards, but of this amount 
the portion which lies above a slope of 1 on 4, extending 
from the bottom of the east bank of the Canal to the 
farthest crack, is estimated by the Resident Engineer to 
be 1,054,000 cubic yards, and all of this last amount 

he estimates will come into the Canal. I, myself, think ~™ 
that quantity will be greater, probably aggregating 

at least one and one-quarter million cubic yards, which 
will have to be removed from the Canal and possibly more. 
I am also of the opinion that the point marked "A" be- 
tween the first break to the south and the new break 
will probably come in on a line joining the present 
eastern extremities of these breaks." 


This writer was asked by General Goethals to comment 
on the conditions discussed in Colonel Gaillard's letter. On 
February 17, 1913, he reported as follows: 


"The reason why the large (triangular) block 
crushed down into the cut between stations 1746 and 
1756 (east side) is because the already weak rocks 
were further weakened by two faults, along both of 
which the rocks have been broken, forming sheared 
zones." B and C, Plate 46. 


The sheared zone, or fault plane, at B dips 70° northerly 
(partly toward the excavation) so that there is a considerable 
overhang where the trace of the fault cuts the prism slope. The 
weakening effects of the fault zone, the extra weight from the 
overhang, plus the seepage along the sheared zone, weakened 
the Culebra rocks in the toe of the steep slope, so that 
eventually the base of the block included between the faults 
failed, allowing the whole rock mass to crush down and a part 
of it to get into the Canal. 


The fault which limits this slide on the north (c) 
trends across the Canal, and on the west side also limits the 
West Lirio slide on its south end. (Plate 1.) 


Regarding Colonel Gaillards' fears that the "Point 
marked A" (Plate 46) would also break back to the limit of 
the other slides, this writer reported that there was no 
immediate danger of this, because the base of the point was 
wider than its top and it contained some fairly strong beds 
of sandy limestone. (D, plate 46.) This point is still 
standing though perhaps not quite as steeply as then. 


The Barge Repair slide, also known as Hagan's Slide 
is classed as a combination type because, while structural 
conditions started it - faulted zones which weakened the Culebra 
rocks and conducted seepage water into the lower part of the 
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faulted block - the upward movement of the rocks in front of 
the slide indicates that it was also of the deep deformation 
variety, as shown by Plates 49 and 50. It also started with 
a crack or fissure on top of the bank, which widened as move- 
ment went on = conditions characteristic of deep deformation 
slides as shown by Plate 45. 


The Barge Repair slide could have been prevented if 
the slope had been made a little flatter in the vicinity of the 
fault zones, and if the seepage from the Obispo Diversion 
es been grouted or sealed off. (See Plate 45 to 52 inclu- 
sive. 


ema 


EARTHQUAKES IN RELATION TO SLIDES 


Earthquakes are much more prevalent in areas of 
younger rocks and younger mountain ranges than in those of the 
older geologic periods. All parts of North and South America 
that border on the Pacific Ocean are more subject to earthquakes 
than those near the Atlantic. Panama, then, is in the general 
earthquake belt. 


Locally stresses are set up in the earth's crust. These 
may be built up beyond the rupture point of the rocks. Where 
this occurs, rupture relieves the stressed condition, but the 
elastic rebound of the rocks, on both sides of the sheared sur- 
face, sets up earthwaves which we call earthquakes. 


The rocks of the Canal Zone area are relatively weak 
and so would rupture before high stresses, that might generate 
severe earthquakes, could be built up. In fact they have already 
been much adjusted by small faults. This is one reason why no 
serious earthquakes are likely to be felt here. Many small 
tremors have been recorded in the past, indicating that small 
adjustments are taking place, and that no very great rock 
stresses have had to be relieved by rupture. 


Past history is also favorable to the expectation of 
only light earth tremors in the Canal Zone area. There is 
extant a fairly complete record (7) of the earthquakes that have 
visited Panama from the Spanish Conquest up to 1886. In all that 
long period only two fairly severe shocks were noted. One of 
these in 1621 destroyed several buildings in Panama. The other 
occurred in 1882. It damaged several buildings and bridges and 
locally threw the railway track out of alignment. There is no 
reason to suppose that these quakes, which damaged adobe and 
other poorly constructed buildings, would do serious harm to 
reinforced concrete, or well built wooden structures. 


The famous flat arch, in the ruins of the old Santo 
Domingo church in Panama, is still standing. It was built in 
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1671 and has survived earthquake and fire since that date. 
This seems to prove that no very severe earthquake has visited 
Panama in the last 269 years. 


On October 1, 1913, a fairly heavy shock was felt on 
the Canal Zone. Some of the people were alarmed by the shaking 
of the houses. On October 23, 1913, another shock, almost as 
heavy as the first was felt. While these shocks rocked houses 
and scared people, they did no appreciable harm to Canal 
structures, though they did cause cracks to appear in the plaster 
of the Administration Building. Several houses were partly 
destroyed in Los Santos Province, some native people were 
injured and many badly scared. This writer visited the scene. 
The houses that suffered injury were adobe structures with in- 
secure tile roofs. One wonders why such weak and insecure 
buildings were not more seriously damaged. 


The cause of the 1913 quakes seem to have been movement 
along an east and west submarine fault scarp that passes just 
south of Los Santos Province and crosses the mouth of Panama Bay. 
Where the telegraph cable crossed this scarp, it was broken, 
and half a mile of it was buried and never recovered. This 
indicates that a submarine landslide accompanied the fault 
movement. Fortunately, this fault scarp is more than 50 miles 
from Canal Zone structures. 


The excavation slope given for the different rocks 
contain small factors for the possibility of light earthquakes. 
It is believed that no further flattening, in the way of 
earthquake insurance, is necessary. It is thought that small 
slides might possibly be generated by rarely occurring, fairly 
heavy quakes, but the chance of that is so remote that no reme- 
dial measures seem necessary, particularly as no permanent 
slide damage would result therefrom. 


BLASTING IN RELATION TO SLIDES 


In the old days of Canal construction many people 
believed that blasting was a very important factor in promoting 
the slides. However, sliding did not diminish for the first 
few years after the excavation was down to grade, and blasting 
largely had been completed. Heavy blasting did help to promote 
some slides, but, in general, it was never a very important 
cause of sliding. Heavy blasts set off near to the toe of high 
steep slopes may start slides, or rock falls, or may shatter 
the rocks, so that eventually large rock fragments become de- 
tached and fall into the excavation. 


In general where a cut is deep in rocks that are not 
particularly strong, a central cut at least wide enough for a 
power shovel to operate freely should be put through, with 
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blasting “in the solid" from holes not over 25 to 30 feet deep. 
This "pioneer" cut can then be widened by shooting toward it. 
The last holes near the slopes should be shot relatively 
lightly, the degree of lightness depending upon the conditions 
involved. 


In any excavation where it may be necessary to 
minimize leakage, such as a cut near a diversion ditch, or a 
tunnel under a body of water, shooting should be light. Heavy 
shooting may open up cracks in the rocks that otherwise might 
remain sealed by chlorite, calcite, or other secondary minerals. 
The open cracks may give entrance to seepage water, which 
eventually may greatly weaken the rock. Several slides, par- 
ticularly those of the structural type, were promoted by seepage 
water from the Obispo diversion ditch, along joints and faults, 
into rocks of medium strength near the base of the cut. The 
entrance of water increased the weakness of these rocks until 
they finally failed. It is not certain that blasting opened 
up many of these cracks, but it is believed to have contri- 
buted to the leaky condition of the rocks. 


Canal Zone basalts, and similar hard rocks, are 
generally much jointed, However, particularly below the water 
table, many of the cracks are tightly sealed by secondary chlorite, 
calcite or zeolite minerals. Blasting opens these sealed 
cracks and may thus greatly increase leakage. Blasting may 
also increase the instability of slopes already weakened by 
faults, joints, or inclined bedding planes. 


In planning a blasting program one should not lose 
sight of the possibilities for the weakening of slopes, the 
increase of seepages, and the partial loosening of large 
blocks of rock which later, perhaps after the cut has been 
much deepened, may become detached and fall into the excavation. 
All such insecure blocks of rock should be removed as the cut 
is deepened. 


GENERAL CONCLUSIONS REGARDING SLIDES 





Slides of the deep deformation type develop where 
deep excavations cut soft rocks that are more or less plastic 
under relatively high pressures. They start with a vertical 
crack, or fissure, in the bank, 50 to 250 feet back from the edge 
of the excavation. When the rock mass in front of this crack 
finally slides down, disintegrates and is largely excavated, 
the high steep slope left at the rear of the ground which slid 
tends to generate a slide similar to the one in front. Each 
slide of this type weakens the rock to depths well below the 
excavation, thus preparing the way for further sliding. Also, 
slide material has to be dug out at the toe, which keeps the 
material moving. The first slide of the deep deformation type 
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may, therefore, be the leader of a succession of such slides, 

which may follow each other over a period of years, depending 

upon the various slide-causing factors. It is difficult to 

determine how far back from the original excavation boundary, 
slides of this kind may eventually extend, how long such 

movement may continue, and to what sum the final cost of the ' 
excavation may aggregate. 


Difficulties with slides of this type may be largely 
avoided by detailed geological studies, including the tests 
suggested on page 49. These studies should be the basis for 
setting predetermined slopes that will be stable, while at 
the same time requiring a minimum of excavation. 


Structural slides develop where excavations cut 
rocks which have been broken or parted by joints, faults, or 
bedding planes. Where these dip toward the excavation, 
particularly if they are slickensided and become channels 
for groundwater, large masses may eventually slip down 
into the cut. Sometimes expensive equipment is destroyed 
and casualties may occur because of the relatively quick action 
of this type of slide. 


All rock partings and structures should be mapped 
and studied as excavation proceeds, so that slopes that are 
safe and stable for the local conditions may be established. 
Mudflow slides are the most common and are usually relatively 
small, though an occasional one may be very large. Where 
engineering developments are located on sloping surfaces, some 
hand-auger sampling by a geologist with experience in the study 
of plastic clays, may give much information at low cost. 
Soil Mechanics laboratory study of clays and muds may also 
furnish important information. Preliminary studies of the 
kinds indicated may lead to the conclusion that it would be 
desirable to seek a change of location for the work con- 
templated, or to change its design. Drainage is a most 
important remedy for slides of this type. However, each area 
where mudflow slides may develop is a problem to be studied and 
solved, as far as possible, on the evidence found in the field. 
The past experience of the geologist with conditions that 
are more or less similar will be very helpful in suggesting 
remedies for this type of slide. 


APPENDIX A 


Below is given a description of each specimen of 
Cucaracha rock and where located, followed by its petro- 
graphic description by Dr. C. R. Ross of the U. S. Geological 
Survey, Washington, D. C. (October 12, 1940). 
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Specimen #1 - Sandy Cucaracha rock in lower part of 
greenish bed which is about 15 feet thick. From Gaillard Cut, 
near Zion Hill. 


"Calcium carbonate is the dominant material 
and the rock is best described as an impure 
limestone. The calcium carbonate encloses 
mineral and rock grains that make up about one- 
third of the rock, and that average less than 
1 millimeter in diameter. These are quartz, 
chert, quartzite fragments, feldspar, and 
highly altered rock grains that were probably 
originally andesitic material. The rock 
grains have in part been altered to a green 
glauconite-like material. There appears to 
be but little recognizable clay material, and 
there is no localization of clay material in 
streaks and seams so far as is observable in 
thin section." 


f 
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Specimen #2 - Shaly Cucaracha rock, green soft, and 
slightly sandy. From near Zion Hill, 5 feet higher stratigraphi- 
cally than Specimen f1. 


"Sandy shale made up of quartz, feldspar, 
impure chert-like material, glauconitic grains 
that are in part at least an alteration product 
of rock grains, and brownish nearly opaque 
grains that appear to be an alteration product 
of andesitic rock. That is, the grains are 
similar to those in No. 1, but it contains no 
calcium carbonate, only as included fragments. 
There is a thin interstitial film of clay- 
like material enclosing grains, but these 
tend to be interlocking and there is no marked 
localization of clay material." 


Specimen #3 - Greenish Cucaracha shale, rather massive 
and fairly soft. Collected near Zion Hill, about 10 feet higher 
stratigraphically than Specimen #1. 


"Similar to No. 2 in mineral composition, 
but the individual grains are smaller, there is 
more Clay material, and the rock is more shale- 
like. Thus it contains enough clay material 
to cause some swelling as in bentonite." 


Specimen #4 - Green, slickensided Cucaracha shale, soft 


and somewhat soapy. Thirteen feet higher stratigraphically than 
Specimen #1. 
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"Similar to No. 3 but contains more recognizable 
clay material of bentonitic type." 


Specimen #5 - Red, soft, slickensided Cucaracha shale. 
About 15 feet higher stratigraphically than Specimen #1. 


"Too incoherent for a thin section. 
Examination as small grains indicate that 
the material is an impure iron-rich clay of 
bentonitic type, with essential amounts of 
iron oxide. A small proportion of quartz 
grains are present, and slickensided surfaces 
were noted." 


Specimen #6 - Green, soft slickensided Cucaracha shale, 
with red mottling. About two feet above red bed represented by 
Specimen #5. 


"Shale made up of clay material of bentonitic 
type enclosing a small proportion of detrital 
grains of quartz, and a very little calcium 
carbonate. The material is fairly homogeneous 
under the microscope but has a granular texture 
and minute slickensided surfaces that indicate 
movement since deposition." 


Specimen #7 - Soft, broken, reddish to brown, iron- 
stained Cucaracha shale. About 28 feet higher stratigraphically 
than Specimen #1. 


"A nearly pure bentonitic clay with abundant 
slickenside’ surfaces." 


Specimen #8 - Dark, Cucaracha shale. Occurs just under 
the light-colored agglomerate tuff bed. Contains some fossil 
wood, partly mineralized. Collected west side opposite Gold Hill. 


“Dominantly a dark opaque material that 
is probably a partly altered glass. Contains 
numerous grains of lighter colored volcanic 
materials that vary greatly in size, together 
with a little calcic feldspar. and abundant 
zeolites. The light-colored volcanic tuff 
fragments were probably originally glassy, 
but have been partly altered, but is not clay- 
like. Numerous small fragments of carbonized 
twigs are present." 


Specimen #9 - Soft, broken, greenish, slickensided Cuca- 
racha shale. Opposite Gold Hill about two feet lower than 
Specimen #8. 
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“Too incoherent for thin section. 
Composed almost wholly of clay material of 
bentonitic character. Shows granular texture 
and minute slickensided surfaces. Calcite has 
been deposited in the numerous closely spaced 
fractures." 


Specimen #10 - Collected from the upper part of 
the agglomeratic tuff bed. Reddish in color. From opposite 
Gold Hill. 


"Shale-like material made up of parly altered 
andesitic mineral and rock grains that are embedded 
in a very impure clay-like material that is probably 
an alteration product of andesitic material. The 
clay base appears to be less bentonitic in character 
than in most other specimens." 


Specimen #11 - Greenish-gray, broken, fine-grained 
Cucaracha shale. Opposite Gold Hill. Collected 10 feet 
higher stratigraphically than Specimen #10. 


"About like No. 10." 


Specimen #12 - Dark reddish to mottled, fine-grained 
agglomeratic tuff bed, about one foot below light-colored limy 
bed which is about four feet thick. Collected opposite Geld Hill. 
About ten feet higher stratigraphically than Specimen #10. 


"Dominantly igneous rock fragments up 
to 4 to 6 millimeters in diameter. Most of 
these were originally glassy and have been 
altered to a bentonitic material, but a few 
are andesitic rock fragments. A few grains 
of calcite are present." 


Specimen #13 - Light greenish, very fine, crumbly and 
slickensided Cucaracha shale. On top of 4-foot limy bed. 
Opposite Gold Hill, twenty feet higher stratigraphically than 
Specimen #10. 


"A rather pure clay of bentonitic type. 
No ash structure is observable and the material 
has probably been reworked and redeposited." 
Specimen #14 - Light green, very fine-grained, much 
broken and slickensided Cucaracha shale. Opposite Gold Hill, 
24 feet higher stratigraphically than Specimen #10. 


"About like No. 13." 
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Specimen #15 - About same as Specimen #14. Collected 
30 feet higher stratigraphically than Specimen #10. 


"Dominantly calcite, but with abundant 
bentonitic clay material segrated in irregular 
masses. Numerous closely intersecting slicken- 
sided surfaces indicate movement since de- 
position." 


specimen #16 - Lignitic shale bed in Cucaracha formation. 
Opposite Gold Hill, about 35 feet higher stratigraphically than 
Specimen #10. 


"Examined without thin section. Fine-grained 
fissile shale with abundant carbonaceous material. 
Abundant small gypsum crystals have formed on 
cleavage planes." 


Specimen #17 - Greenish-gray Cucaracha shale. Drill 
hole PM-108 at 120.5 feet of depth. 


"A fine-grained shale composed largely of 
detrital material, but included in this are 
abundant grains that represent altered volcanic 
glass fragments. The material is zoned showing 
that ash fall material was dominant at times, 
and nearly absent at others. The rock is thus 
almost wholly clay material, part of which is 
bentonitic." 


Specimen #18 - Gray-green, very dense, soapy Cucaracha 
shale. Develops shrinkage cracks as core dries out. Drill Hole 
PM-111 at 131 feet of depth. 


"Shale composed almost wholly of clay of 
the montmorillionite type. Probably a bentonite 
composed of exceedingly minute glassy ash grains. 
The material is thus a very fine-grained bentonite." 


Specimen #19 - Typical, greenish, fine-grained, Cucaracha 
shale. Collected from about three feet below a lignitic shale bed 
like Specimen #8. No weathering appears to have reached the bed from 
which this specimen was taken, bed not affected by sliding. From 
west side, station 1802+50 at elevation 8@ feet. 


"Impure bentonitic clay." 
Specimen #20 - Typical, greenish Cucaracha shale, but 


seems harder and better cemented than average. Contains con- 
siderable number of hard, small, irregular, limy concretions. 
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Specimen from unweathered and undisturbed bed. Collected 
from about 50 feet below agglomeratic tuff bed, station 1795+50, 
west side, elevation 88 feet. 


"Composed of quartz, feldspar, glauconite, 
and andesitic rock grains in a clay matrix." 


Specimen #21 - Greenish Cucaracha shale. Collected 
about one foot below conglomerate bed, which contains pebbles 
up to about 3/4" in diameter. Small, normal, fault jogs 
conglomerate bed about 7 feet. Sample taken from near this 
fault zone, where material shows slickensiding and is decidedly 
softer and more clayey than Specimens #19 and #20. Station 
1794200, west side, elevation 86 feet. 


"About like £19." 
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Direction of 


Sample No {li!12-X 
Ultimate load 625 \bs. per. 4 in 
Elastic limit 544 - - 
Modulus of elasticity 350000 


Diagram showing principal 
lines of rupture 


Load,- Ibs. per. sq. in 


ACHE EN 
MT Hn HL 
ALLL TTT Tt 


b -.00! -002 -903 +001 
Unit axial deformation, inches aa latero! Slitocihan, inches 


Fig. 3d. 


Report on Slides 















622 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Direction of 
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Direction of 


Sample No. \il13-% 
Ultimate load 


Elastic limit 
Modulus of elasticity 580000 
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Direction of 
loading 


Somple No.1l13-¥ 
Ultimate load, 490 mene egio 
Elastic limit, 380 » 
Modulus of elasticity 165000. 


Diagram showing principal 
lines of rupture 
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Shows stems shovel wiried wider rock fall near Las Cascadas; Key 31, 1912, 








634 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 





i 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 635 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


iT Cale tee 
ML “on tks 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 637 


ate 2 closes oy daa ane weet cal 





638 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 








640 





LONG-RANGE PROGRAM FOR THE PANAMA CANAL 











; 
| 


ete 


LONG-RANGE PROGRAM FOR THE PANAMA CANAL 





642 LONG-RANGE PROGRAM FOR PANAMA CANAL 


slowly; October 22, 1930. 
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ast Culebra slide, looking south toward Gold Hill; July 3, 1916. Note how the Gold 
lt, overhanging Cucarec ha rock, slumped dawn after squeezing out the latter. also, 


light colored weathered zone which extends sbout 20 feet below the surface of Gold Hill. 
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Powderhouse Slide, view from west bark; July 14, 192%. “Thit slide occurred in weathered tuff 
beds which dip toward the canal. It is s new slide in am old sliding area. 
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APPENDIX 6 
HYDROLOGY 

By Howard T. Critchlow 
INTRODUCTION 


The following discussion of the hydrology of the Panama Canal 
region was abstracted from appendix 9, part II, “Isthmian Canal 
Studies, 1947”’ (ICS-1947). Since the data used in those studies 
ends with the calendar year 1946, an examination of the records from 
1947 to 1959, furnished by the Hydrographic Office of the Panama 
Canal Company, has been made to apatite whether periods of 
drought and floods, more critical, had occurred. It was found that 
no such periods had been experienced since 1946, although the calendar 
year of 1957 was one of extreme low flow in the Gatun Lake watershed 
and required careful operation of the canal facilities in order to con- 
serve water for lockage, municipal water supply, and maintain a safe 
navigable depth in the canal. 

The tables and figures referred to in the discussion are included at 
the end of the text and are taken from the “‘Isthmian Canal Studies, 
1947.” 

The first systematic effort to collect hydrologic data of the Canal 
Zone region was the establishment of a rainfall station on Taboga 
Island in Panama Bay in 1861, which was discontinued in 1866. In 
the latter part of that year, the Panama Railroad Company estab- 
lished a rain gage at Colon, which continued to 1874. No records are 
available between 1874 to 1879, at which time a gage was established 
in Panama City. 

With the beginning of construction of a sea-level canal by the 
Panama Canal Company, organized in France in 1891, the gage at 
Colon was reestablished and new stations installed at Balboa, Gamboa, 
and Naos Island. Stream-gaging stations were established at Bohio 
and Gamboa. Observations of air temperature and wind velocities 
were made at Colon, Panama City, and in the interior. Water tem- 
perature and tidal variations were observed in the Atlantic and Pacific 

ceans. 

In 1894 the new Panama Canal Company was organized for the 
construction of a lock-type canal. New rain gages were established 
and observations of temperatures were resumed. In 1897 this com- 
pany introduced the use of self-recording instruments such as thermo- 
graphs, barographs, and in 1900 seismographs. The stream-gaging 
station on the Chagres River at Alhajuela (near Madden Dam) was 
established in its present location on April 15, 1899. The records of 
this station have ee of extreme value in the hydrologic studies for 


both the present lock canal and other proposals made for its improve- 
ment or replacement by a sea-level canal. 
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Following the acquisition of the properties of the new Panama Canal 
Company on May 4, 1904, by the United States, the Isthmian Canal 
Commission established 22 rainfall stations, 9 of which were self- 
recording. During the period 1905-12 many changes in the locations 
of rain gages were necessary due to progression of the canal construc- 
tion. Several new stream-gaging stations were established in the 

eriod 1907-12. Prior to 1907, islam measurements were made 
y floats. After January 1, 1908, all measurements were made by the 
use of current meters. 

After the completion of the major part of the construction work on 
the canal and the filling of Gatun Lake, in 1912-13, the procedure in 
collecting basic hydrologic data became standardized. In the period 
from 1929 to 1933, five gaging stations and rainfall stations were 
installed in the area above Madden Dam to serve primarily as flood- 
warning stations during the construction of the dam. These gages 
are in operation at the present time. Nine recording-rainfall stations 
were established during the period 1940-41 in connection with the 
design of the Third Locks project. During the Isthmian Canal 
studies of 1947, new stations were established on the Trinidad and 
Ciri Rivers for the design of flood-control structures for the proposed 
sea-level canal. Other rainfall stations were also installed in the 
Trinidad Ciri and Gatun River Basins. Modern and improved stream- 
gaging equipment and methods were used to increase the accuracy of 
the hydrologic records. 

These basic hydrologic data were collected for use in studies for the 
water supply, flood control, spillway design, and hydroelectric power. 
These studies have analyzed the available precipitation and discharge 
records and major flood. hydrographs, and have developed the basic 
relations between rainfall and runoff for use through the medium of 
the unit hydrograph. Two basic floods have been developed: (1) the 
project-design flood, which controls the selection of storage capacities 
and the design of regulated releases of the individual flood-control 
elements, aiid which is the practical flood for which the elements are 
designed to afford full flood control; and (2) the spillway-design flood, 
which is derived from the maximum possible storm as developed by 
the U.S. Weather Bureau, and which is used in the design of emergency 
spilling facilities to prevent the overtopping and possible failure of 
the retaining structures by the floodwaters. 

Reference is made to publications of the Panama Canal section of 
“Meteorology and Hydrography” for detailed records, as follows: 

“Rainfall and Runoff of the Gatun Lake Watershed, 1907 to 1948.” 

“Chagres River and Gatun Lake Watershed Hy drologic Data, 
1907 to 1948.” 

“Climatological Data, Canal Zone and Panama,” published annually 
for the subsequent years. 


CANAL WATERSHED 


The drainage area tributary to the present canal between Gatun 
locks and Balboa is 1,358 square miles, of which 1,279 square miles 
lie on the Atlantic side and 79 square miles lie on the Pacific side of 
the Continental Divide. Prior to the construction of the canal, the 
Chagres River constituted the drainage course for the entire Atlantic 
watershed. Gatun Lake, formed by the construction of a large earth 
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dam 8 miles above the mouth of the Chagres River, has altered the 
original drainage system and inundated 164 square miles of the water- 
shed. The largest tributary of Gatun Lake is the remaining portion 
of the Chagres River above Gamboa, where it enters the lake and has 
a drainage area of 520 square miles. Madden Lake, located on the 
upper Chagres River near Alhajuela, about 10 miles upstream from 
Gamboa, controls the runoff from 393 square miles. Other main 
tributaries entering Gatun Lake are the Cafio Quebrada, Trinidad, 
and Gatun Rivers. 

Miraflores Lake on the Pacific side of the divide was formed by the 
construction of a dam and locks in the Rio Grande Valley at Miraflores. 
This lake controls the runoff from 39 square miles of the total Pacific 
watershed of the canal of 79 square miles. Figure 1, appendix 9, 
ICS-1947, is a map of the drainage area tributary to the present canal, 
showing subdivisions into the principal drainage basins as they existed 
prior to the construction of the canal. The areas of these drainage 
basins as they existed prior to the construction of the present canal 
are shown in table 1, appendix 9, ICS—1947. 


ToroGRAPHY 


The Panama Canal drainage area is characterized by irregular, 
short ridges, and rounded hills of relatively low relief. The only 
mountains which bear any semblance to a range are those of the 
Continental Divide, which traverses the Republic of Panama and 
separates the Atlantic and Pacific drainage. The lowest elevation 
of the Continental Divide in the Canal Zone, before the excavation 
of the canal, was 312 feet above sea level. The Continental Divide 
is generally below elevation 1,000 in the vicinity of the canal, but 
rises to elevation 2,500 near the headwaters of the Chagres River, 
and to elevation 3,500 near the headwaters of the Trinidad River. 
The headwater divide between the Gatun River and the Atlantic 
Ocean averages more than 2,000 feet above sea level. The rivers 
tributary to the canal have steep slopes and, therefore, produce a 
rapid rate of runoff. In the drainage area above the existing Madden 
Dam, the average fall is about 75 feet per mile, principally a series 
of pools and rapids, although some portions of the stream feature 
steep-walled canyons and waterfalls. The Gatun and Trinidad 
Rivers are less rugged than the upper Chagres and have slopes of 
about 50 to 60 feet per mile. oe upper portion of the Cano 
Quebrada drainage area is moderately rough, with stream slopes of 
about 30 feet per mile. 

GEOLOGY 


The topography of the region is the result of erosion acting on a 
land surface of rocks of very different resistances which has been 
periodically uplifted and depressed. Drainage patterns are well 
developed and sharply defined. The portions of the watersheds 
which are underlain by soft rocks are characterized by broad valleys 
within which the larger streams have leveled the strata and deposited 
a blanket of alluvial material. In regions underlain by hard rock, 
a condition that is most widely encountered in the central, higher 
portions of the isthmus, the streams have steep-walled canyons. 
Many of the Canal Zone formations are not sufficiently porous or 
permeable to serve as a source of ground water supply. Furthermore, 
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the presence of a generally thick surface mantle of residual clay com- 
bined with unfavorable structural conditions greatly retards the in- 
filtration of surface water recharge to such aquifers as do occur. A 
detailed description of the geology of the Panama Canal region is 
contained in appendix 8, ICS-1947. 


CLIMATOLOGY 

Rainfall 

The year is divided into two well-defined seasons—the dry and 
the wet. The dry season extends from about January through 
April, during which only small amounts of rainfall occur. The wet 
season comes during the remaining 8 months, from May to December. 
The maximum annual rainfall, of authentic record, that has been 
observed in the Canal Zone region occurred at Porto Bello on the 
Atlantic coast in 1909, and amounted to 237.3 inches. The monthly 
distribution of mean annual rainfall at Cristobal, Madden Dam, and 
Balboa Heights, based upon past records, are shown in table 2, 
appendix 9, [CS-1947. The mean annual, maximum year, and mini- 
mum year records are as follows: 











[Inches] 
Cristobal Madden Balboa 
Dam Heights 
ieee nema. 3... LO a si end Rb dak ALi ow beak 130. 37 97. 86 69. 47 
TSE SRR YS CRI ETE esi: 8 elite! ats, rk 183. 41 152.04 91. 42 
Minimum year- _-- SCRE SLE as bee ec deen ka keb teens 86. 54 71. 95 45. 58 


Air temperatures 


The variation in air temperatures of the Canal Zone region through- 
out the year is moderate. The highest mean monthly temperatures 
are in April, when the sun is directly overhead (latitude 9° N.) at 
noon and the cooling effect of the wet season is absent. The lowest 
temperatures are in the month of November, due principally to the 
occurrence of almost daily rains. The maximum and minimum tem- 
peratures, recorded in the Canal Zone were observed at Madden Dam. 
The maximum, 98° F., occurred on April 13, 1930, and the minimum, 
59° F., on February 4, 1924. There is a diurnal variation of about 
13° that is conducive to reasonably comfortable living. However, the 
general high humidity is oppressive to many people unaccustomed 
to the Tropics. Comparative mean monthly air temperatures at 
Cristobal, Madden Dam, and Balboa Heights are shown in table 3, 
appendix 9, [CS—1947. 


Evaporation 


The rates of evaporation show a definite demarcation between the 
dry and wet seasons. The rate in the Canal Zone region averages 
about 53 inches per year, and ranges from a minimum of about 40 
inches in a wet year to a maxium slightly in excess of 60 inches durin 
a dry year. The mean monthly rates of evaporation at Cristobal 
eae Dam, and Balboa Heights are shown in table 6, appendix 9, 

—-1947. 


Relative humidity 


The maximum relative humidity is recorded in November during 
the wet season, and the minimum in March, during the dry season. 





Sees 
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The mean annual humidity averages about 83 percent and the mean 
monthly humidity of the Canal Zone region ranges from a minimum 
of 75 percent to a maximum of about 90 percent. The mean monthly 
and annual relative humidity for Cristobal, Madden Dam, and Balboa 
Heights are shown in table 7, appendix 9, [CS-1947. 


Fogs in the Canal Zone 


Fogs in the vicinity of the Panama Canal are ground-radiation type 
and seldom occur outside of the rainy season. Various factors serve 
to bring about the combination necessary for fog formation and no 
formula for forecasting the actual occurrence of fog in a particular 
area is possible. The essential elements are frequently present during 
the wet season and only require the proper combination for the for- 
mation of fog. No means are available at present for mechanically 
measuring the intensities of fog. All records, therefore, are based on 
visual observation. Early records classified fogs as “‘light”’ or ‘“‘dense.’’ 
A fog was recorded as ‘‘dense’’ if an observer could not see objects at 
a distance of 1,000 feet. Experiments at the Panama Canal led to 
the adoption in 1933 of the designation “‘light” and ‘“‘dense,’’ depend- 
ing on the ability or inability of an observer to see a 25-watt clear 
lamp at a distance of 1,000 feet. In January 1935, Panama Canal 
authorities concluded that a minimum visibility of 1,000 feet for one- 
way traffic and 1,500 feet for two-way traffic was necessary for safe 
navigation in restricted waters such as Gaillard cut. 

A list of the fog observation record files that are available and have 
been studied is shown in table 8, appendix 9, ICS—1947. 

Fogs in Gaillard cut.—Records indicate that fogs occur in the 
vicinity of the existing canal throughout the year, although they are 
most prevalent during the wet season months of May to December. 
Fogs occur principally in the Gaillard cut section of the canal. The 
frequencies and duration of fogs for monthly periods, developed from 
the Gaillard cut records of the 10-year period from 1936 to 1945, are 
shown in figure 2, appendix 9, ICS-1947. The greatest number of 
dense fogs occur in the month of November, the average being 4.4 
such fogs, each having a duration of approximately 3% hours. The 
greatest duration of dense fogs occurs in October, the records showing 
an average of about 5 hours each for 3.9 dense fogs per month. On the 
average, dense fogs form in Gaillard cut during the wet season at 
2:45 a.m. and are dissipated by 6:30 a.m. Fogs are practically non- 
existent during the daytime. During the dry season, frequency of 
fog occurrence is low and the duration of fogs is short. 

Fogs at Bohio.—Figure 4, appendix 9, shows average monthly occur- 
rences and durations of fogs at Bohio during the period from 1908 to 
1911, prior to the formation of Gatun Lake. The records show that 
a greater number of fogs occurred in that area than now occur in 
Gaillard cut. The maximum number of dense fogs occurred in June; 
the average for the month was 19. These fogs had an average dura- 
tion of about 6% hours. The greatest average duration of dense fogs 
at Bohio occurred in December and was 9% hours. Duration curves 
of fogs for the full year at Bohio and their average time of occurrence 
are shown in figure 5, appendix 9, [ICS-1947. During the 3-year 
period of observation, this location was fog-free 86 percent of the 
time. The formation of Gatun Lake has resulted in such a great 
reduction in fogs in the vicinity of Bohio that they now have a neg- 
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ligible effect on navigation compared to fogs in the Gaillard cut section 
of the existing canal. The frequencies and duration of fogs at Bohio 
before the formation of Gatun Lake are accepted as a measure of the 
probable occurrence of fog in a proposed sea-level canal; and the 
records show that worse fog conditions occurred at Bohio than occur 
in the present canal. 


PRECIPITATION AND STORM RAINFALL 


Rainfall records 


Figure 6, appendix 9, ICS—1947, shows the location of rainfall 
stations in the Panama Canal drainage area for which records are 
available. The availability of rainfall records with respect to time 
during the initial and subsequent periods of development of the 
Panama Canal is shown b the bar graph in figure 7, appendix 9, 
ICS-1947. A chronological summary of the number of rainfall sta- 
tions in operation and of the number of discontinued stations for 
which records are available is shown in table 9, appendix 9, ICS—1947. 
Rain gages 

The early installations of rain gages were of the nonrecording type 
from which records were obtained by stick measurements. Observa- 
tions were made generally at monthly intervals with only a few stations 
reporting daily amounts. Prior to the introduction of the automatic 
recording gage in 1905, daily records of rainfall were available for only 
2 years at Cristobal, 9 years at Gamboa, 3 years at Alhajuela, 4 years 
at Balboa, and 10 years at Bohio. The tipping-bucket-type gage 
is used at the present time at locations where daily attendance is 
available. Water stage recording instruments, which have been 
adapted to record the accumulating depth of water in calibrated re- 
ceiving tanks, are used at remote locations. This latter type of gage 
will operate continuously for periods up to 90 days. 


Annual rainfall 


The distribution of mean annual rainfall throughout the Panama 
Canal region is shown by the isohyetal map, figure 8, appendix 9, 
ICS-1947, which is based on the mean values of rainfall at all stations 
for which records are available. The greatest depths of rainfall in the 
canal watershed are observed along the drainage divide between the 
Gatun River and the Atlantic Ocean, while the minimum depths are 
observed along the Pacific coast. There are secondary centers of 
heavy rainfall located on the headwaters of the Chagres River. 

Existing records show that all major floods in the Panama Canal 
region have occurred during the last 3 months of the calendar year, 
although floods of lesser magnitude have been recorded in all months 
except March. The mean depths of rainfall observed during the flood 
season months of October, November, and December are shown on 
the isohyetal map, figure 9, appendix 9, ICS-1947. The greatest 
rainfall depth is observed in November, which is also the month of 
greatest frequency of flood occurrences. 


Intensity of rainfall 


_ The maximum 1-hour rainfall observed in the Canal Zone, 5.68 
inches, occurred at Gatun Dam on December 6, 1939. The accom- 
panying storm had a duration of 6 hours and a total recorded rainfall 
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of 8.26 inches. On December 14-15, 1944, a record 24-hour rainfall 
of 13.62 inches was observed at Agua Clara, about 15 miles east of 
Cristobal. Figure 11, appendix 9, ICS-1947, shows mass curves of 
rainfall for the storm of December 6, 1939, at Gatun Dam, which 
produced the greatest 1-hour rainfall; the storm of December 12-15, 
1944, at Agua Clara, which produced the greatest 24-hour rainfall; 
and the weighted depth of rainfall of the December 12-15, 1944, storm 
on the 393-square mile drainage area above Madden Dam. 


Storms of record 


Storm of December 26-30, 1909.—The flood producing the greatest 
peak discharge at Alhajuela since the beginning of authentic records 
in 1899, resulted from the storm of December 26-30, 1909. About 
15 inches of rainfall was recorded in a 5-day period at Alhajuela, the 
only rainfall record available for this storm in the drainage area. 
Discharge records at Alhajuela, however, show that for the storm 
period the depth of runoff over the 393 square miles of drainage area 
above this station was about 20 inches, indicating that the average 
depth of rainfall above Alhajuela was probably close to 23 inches for 
the 5-day period. 

Storm of October 21-27, 1923.—The maximum recorded storm on the 
Gatun Lake watershed occurred during October 21-27, 1923, and 
centered in the vicinity of Gatun Locks. Flow in the Chagres River 
at Gamboa with velocities as high as 10 feet per second caused a 
suspension of navigation in the existing canal. A 7-day total rainfall 
of 35 inches, of which 12.25 inches fell in a 24-hour period, was 
recorded at Gatun Locks. The rainfall was less severe in the Chagres 
River above Alhajuela, 21.5 inches being recorded at Alhajuela for 
the same 7-day period. 

Storm of November 12-238, 1935.—-The largest volume of flood runoff 
recorded on the Chagres River was recorded by the storm of November 
12-23, 1935. The average rainfall above Alhajuela as determined by 
weighting observations at 5 rainfall stations for the 12-day storm 
period amounted to 36.8 inches. The maximum rainfall of 43.6 
inches was observed on the Pequeni River at Candelaria. The 
runoff at Madden Dam, as determined by changes in reservoir storage 
and estimates of outflow, totaled 34.1 inches for the 12-day period. 
The storm in the area below Madden Dam was less severe, there being 
about 26 inches recorded at Barre Colorado Island and Gatun Locks. 
Figure 12, Appendix 9, ICS—1947, is an isohvetal map of the 12-day 
storm period of November 12-23, 1935. 

Storms of December 18-20, 1943, and December 12-15, 1944.—The 
two greatest storms in the upper Chagres River Basin that have 
occurred since the installation of additional rainfall stations in 1941 
were those of December 18-20, 1943, and December 12-15, 1944. 
Nine rainfall stations had been established in the drainage area above 
Madden Dam prior to the occurrence of these storms. The isohyetal 
map of the total storm rainfall for the 3-day period from midnight 
of December 17 to midnight of December 20, 1943, is shown in figure 
13, appendix 9, ICS—1947. Figure 14, appendix 9, ICS—1947, is the 
isohyetal map of the December 12-15, 1944, storm for the period from 
noon on the 12th to ncon on the 15th. 











688 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Design storms for the Third Locks 


A comprehensive hydrologic study was made for the Third Lock 
roject to determine the adequacy of spillways at Madden and Gatun 
ams and to determine the best plan of regulation of Madden and 
Gatun Lakes for lockage-water supply, flood control, and hydroelectric- 
power production. From a probability analysis of available rainfall 
records, a design storm having a probable frequency of occurrence in 
excess of 500 years was developed. This design storm, designated 
the ‘‘maximum probable storm,” was assumed to cover a 6-day period. 
The spillway-design storm was derived by adding a safety factor of 
50 percent to the rainfall of the design storm. The percentage increase 
was made to cover possible errors in extrapolation of the probability 
cure and to compensate for inadequacies in the basic hydrological 
ata. 

U.S. Weather Bureau made a study in 1942 to determine the 
maximum possible storm and the corresponding depth and duration 
of the rainfall on the various parts of the Panama Canal drainage 
area. This study was based on an investigation of all the riidaincth Ble 
meteorologic characteristics of the past storms that had produced 
heavy rainfall over or near the Canal Zone region. It resulted in an 
estimated total of 44.1 inches in 6 days, with percentages of the total 
for the successive 6 days being 7, 8, 12, 16, 24, and 33 percent. 


RUNOFF AND FLOOD DISCHARGES 
Discharge records 


Records of river stages and discharge measurements have been 
maintained in the Canal Zone region since the early French days. 
The first river gages were installed in 1882, being located on the 
Chagres River at Gamboa and Bohio. The river gage at Alhajuela 
was installed in its present location, less than a mile below Madden 
Dam, on April 15, 1899. Discharge measurements to determine the 
quantity of flow were first made at Bohio in 1888, at Gamboa in 1889, 
and at Alhajuela in 1895. A vast quantity of river stage and dis- 
charge data were collected at scattered points of the canal watershed 
during the planning and construction of the existing canal because of 
the importance of determining the adequacy of the supply of water 
for operation of a lock-type canal. The completion of the existing 
canal and the raising of Gatun Lake in 1912 voided a number of 
gaging stations that had been located in the area now occupied by 
Gatun Lake. In 1933, three gaging stations were installed in the 
drainage area above Madden Dam to serve as flood-warning stations 
for the operation of the dam. These stations, located on the Chagres 
River at Chico, the Pequini River at Candelaria, and the Boqueron 
River at Peluca, have been maintained in continuous operation since 
first installed. A river gage was installed in 1943 on the Gatun River 
at Ciento. To supply information needed for final sea-level canal 
design studies, new stream-gaging stations were installed in 1947 on 
the Ciri and Trinidad above the pool limits of Gatun Lake, and the 
river stage station on the Gatun River at Ciento was equipped with 
a cable car to facilitate medium- and high-stage discharge meas- 
urements. 

The locations of principal stations at which records of river stage 
and discharge measurements are available are shown on the map of 
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the Panama Canal drainage area in figure 16, appendix 9, ICS—1947. 
The period of record for each of the stations shown on the map is 
given in the bar graph, figure 17, appendix 9, ICS—1947. In general, 
the records show two principal points of discontinuity, 1912 and 1934, 
since Gatun Lake was formed in 1912 and Madden Lake in 1934. 


Discharge measurements 


Measurements of stream velocity under the French, and as late as 
1907 under American direction, were made with surface floats. The 
current meter was introduced in 1907, and during this year both float 
and current meter measurements were made for comparative pur- 
poses. Much of the early data that have been presented regarding 
the flow of isthmian streams are only approximate and, further, are 
not applicable for studies of flood control. The discharges of the 
Chagres River at Gatun prior to the formation of Gatun Lake were 
estimated as 1.62 times the discharges at Bohio, or 1.10 times the 
combined discharges of the Bohio, Trinidad, and Gatun River stages. 
Such a procedure may be satisfactory for estimating dry season flows 
over weekly or monthly periods but is not satisfactory for estimating 
flood flows. The second French company, and also the American 
forces engaged in the reconstruction and operation of the Panama 
Canal, were concerned primarily with determining the dry-season 
yield of the watersheds in order to be assured that an adequate supply 
of water would be available for operation of a lock canal. 

By far the best records of flow in the upper Chagres River were 
maintained for the Alhajuela station, which has functioned almost 
continuously from 1899. Construction of Madden Dam at a location 
less than a mile up stream destroyed the use of this station in 1934 
for the direct recording of flood discharges. A number of flood- 
discharge measurements are available, and only moderate extrapola- 
tion of the rating curve is required for estimates of discharge at the 
highest stages. The only other stages having acceptable discharge 
records for analyses of floods are located on tributaries to Madden 
Lake, namely, the Chagres River at Chico, Pequeni River at Cande- 
laria, and Boqueron River at Peluca. Review of rating curves de- 
veloped for these stations has revealed no significant discrepancies and 
the estimates of discharge are believed within acceptable limits of 
accuracy. 

Monthly and annual runoff 


The mean monthly discharges of the Chagres River at Alhajuela 
during the period from 1900 to 1946 are shown in table 14, appendix 9, 
ICS-1947. The discharges for the period prior to May 1905, have 
been taken from the records of flow from carly Panama Canal studies. 
Adjustments have been made for a float-measurement factor of 0.9 
instead of 0.8. The discharges from May 1905 to December 1933 
have been estimated from records of gage height and discharge rating 
curves. The discharges from 1934 to 1946 have been estimated from 
evaporation, outflow, and changes in storage of Madden Lake. The 
mean annual runoff is 2,620 cubic feet per second, a depth of 91.25 
inches on the 393-square miles of drainage area. A summary of the 
maximum and minimum monthly runoff depths in inches at Alhajuela, 
Chico, Candelaria, and Peluca stream-gaging stations is shown in 
table 15, appendix 9, ICS-1947. The greatest monthly and annual 
depths of runoff, 54.5 and 181.9 inches, respectively, were observed 
in 1935 on the watershed of the Pequeni River shove Candelaria. 
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Floods of record 


The greatest peak discharge of the Chagres River at Alhajuela, 
during the 47 years of record, occurred on December 26, 1909, and is 
estimated to have been 140,000 cubic feet per second or 356 cubic 
feet per second per square mile. The Panama Railroad Company 
reports contain accounts of a great flood that occurred in November 
1879, prior to the period of gage records, for which the peak discharge 
at Alhajuela has been estimated at about 160,000 cubic feet per 
second or 407 cubic feet per second per square mile. The second 
largest flood of record at Alhajuela occurred on December 3, 1906, 
with a peak discharge of 129,000 cubic feet per second or 328 cubic 
feet per second per square mile. In the lower portions of the Chagres 
River, in the vicinity of its mouth, the flood of 1906 was actually 

eater than that of 1909 and, consequently, has been used as the 
esis for the design of the Gatun spillway. The greatest flood at 
Alhajuela in terms of volume over an extended period of time occurred 
in November 1935, producing about 38 inches of runoff in a 15-day 
period and about 58 inches runoff in a 30-day period. One of the 
most recent floods on the Madden Lake watershed resulted from the 
storm of December 12-15, 1944, and caused a maximum lake level of 
elevation 257.16, which is 7.16 feet above the top of the spillway gates. 
The largest floods observed on tributaries to Madden Lake, since the 
establishment of gaging stations in 1933, are those of 1941 and 1944. 
The flood of December 14-15, 1944, on the Boqueron River at Peluca 
had a peak discharge of 28,400 cubic feet per second, a rate of 811 
cubic feet per second per square mile for the 35 square mile drainage 
area, which is the greatest that has been observed in the Panam 
Canal region. The 24-hour volume amounted to 12.1 inches, which 
is also the maximum daily rate of runoff that has been observed at 
any gaging station. Reference is made to table 16, appendix 9, 
ICS-1947, for a summary of the maximum peak discharges and the 
maximum 24-hour volumes of runoff observed at gaging stations in 
the upper Chagres River Basin. 


Droughts of record 


The adoption by the French of plans for a lock canal placed empha- 
sis on studies to determine the dependable yield of the Chagres River 
drainage basin, which was to be the source of water supply. In spite 
of many scattered records that have been obtained for yield studies, 
the only discharge record available for the extended period is that of 
Alhajuela on the Chagres River, which must be supplemented since 
1934 by the operation records of Madden Lake. The yield of the 
Gatun Lake watershed has been recorded since the formation of 
Gatun Lake in 1913. The minimum annual runoff of the Chagres 
River at Alhajuela for any calendar year of record occurred in 1905 
when the average flow was 1,640 cubic feet per second, equivalent to 
an annual runoff depth of 57.1 inches on the 393 square mile drainage 
area. (See table 14, app. 9, ICS-947.) Other ey years observed 
were 1919, 1925, 1926, 1930, and 1940, in all of which there was a 
mean annual runoff of less than 2,000 cubic feet per second. The 
minimum annual runoff of the Gatun Lake watershed since 1913 
occurred in 1930. The average flow was 4,440 cubic feet per second, 
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equivalent to an annual runoff depth of 46.9 inches on the 1,285 square 
mile drainage area. The comparison of the observed volumes of 
minimum runoff of the Madden Lake and Gatun ‘Lake watersheds for 
various durations is shown in table 17, appendix 9, ICS—1947. 


Rainfall-runoff relations 


The relations between rainfall and runoff in the Gatun Lake water- 
shed are unreliable on account of insufficient number of rainfall 
stations. Table 18, appendix 9, ICS—1947, gives rainfall-runoff rela- 
tions for the flood seasons (October to December) for the 6 years, 
1941-46, for the upper Chagres River Basin. 


DESIGN FLOODS 
Project design flood 

The storage capacities of reservoirs and the discharge capacities of 
reservoir outlets, and diversion channels of the flood-control system 
for the proposed sea-level canal have been determined by the use of a 
synthetic flood called project-design flood, which is described below. 
The magnitude of the project-design flood was selected with the 
objective in view of developing a flood-control system which would 
effectively eliminate all interferences to navigation in the sea-level 
canal from floods. The project-design flood, therefore, has been pro- 
portioned greater than the maximum flood of record, and the storage 
capacities and normal discharge facilities of the flood-control projects 
have been designed to sonar project-design flood without resort to 
uncontrolled spillway discharges into the canal. 

The allocation of adequate storage at Madden Lake and Gamboa 
Reservoirs would be of greatest importance, since deficiencies in the 
normal capacity of these reservoirs could result in uncontrolled releases 
over the Gamboa Spillway and the consequent interruption to naviga- 
tion in the sea-level canal during the times of flood. 

The Gamboa Reservoir and Dam were revised in the studies subse- 
quent to 1947, in order to prevent the maximum water level rising 
above the 100-foot contour, which is the Canal Zone-Republie of 
Panama boundary in that area of Gatun Lake. The Parsons, 
Brinkerhoff, Hall & Macdonald report of 1958 (app. 3), updating 
the cost estimates for long-range improvements, reduced the elevation 
of the Gamboa Spillway es 140 to 95 feet, and thereby reduced the 
capacity of the reservoir from 11,300 to 4,800 acre-feet. This reduced 
capacity would greatly increase the floodflow over the spillway and 
into the sea-level-canal channel and consequent interruption to 
navigation. 

Adequate storage would also be important at the Mandinga, Cocoli, 
and Miraflores Reservoirs to modify the intensity of uncontrolled 
spillway discharges of these smaller reservoirs. The peak rate of 
outflow of the project-design flood establishes the hydrologic require- 
ments for design for the proposed diversion channels below Gamboa 
and Monte Lirro Rivers. Since the Trinidad and Cafio Quebrado 
Reservoirs have large natural storage capacities, the. project-design 
flood for these reservoirs in effect merely establishes the rise in water 
level to be expected during occurrence of the flood for any given size 
of spillway and outlet facilities. 
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Project design flood for large drainage areas 

The two greatest floods of record on the Chagres River at Alhajuela 
(Madden Dam), as discussed above, were those of December 1909 and 
November 1935. The earlier flood produced the greatest peak dis- 
charge, 140,000 cubic feet per second, and had a larger volume of 
runoff at 3 days and after 41 days than any other flood. The peak 
discharge of the November 1935 flood is about seventh in order of 
magnitude, but this flood had the largest volume of runoff for dura- 
tions between 3 and 41 days. Because of the relatively short period 
of authentic flood records (1899-1946) and the importance attached 
to positive elimination of flood interferences, each of these two floods 
was arbitrarily considered to be increased 25 percent in volume in 
the planning of effective control of floods greater than the maximum 
of record. Trial routings of the enlarged 1909 and 1935 floods on 
Madden Lake and Gamboa Reservoirs showed that maximum storage 
requirements would result from the augmented 1935 flood. Accord- 
ingly, the augmented 1935 flood was adopted as the project-design 
flood for large drainage areas. Complete data for the maximum 
6-day period of the several floods are shown in graphical form in 
figure 19, appendix 9, [CS—1947. 


Project design flood for small drainage areas 


A flood of long duration, such as that of November 1935, would 
not give realistic storage and outlet requirements for a small reservoir 
such as Mandinga, Cocoli, and Miraflores, since the characteristic of 
typical flood-drainage areas, which range from 10.5 to 30 square miles, 
would be runoff of high intensity and short duration. Guided by the 
fact that the 6 days of greatest volume of project-design flood on the 
Chagres River at Alhajuela is 76 percent. of the 6-day volume of the 
computed maximum possible flood, the. project-design floods for the 
Mandinga, Cocoli, and Miraflores Reservoirs were arbitrarily made 
equal to 75 percent of the proposed possible maximum floods. 


Spillway design flood (maximum possible flood) 


The spillway-design flood is the maximum possible flood that would 
result from the occurrence of the maximum possible storm with the 
conditions on the drainage area assumed to be the most favorable 
for producing maximum runoff. The spillway-design flood is used as 
the basis for selecting the dimensions of spillways, in determining the 
maximum storage levels, and in conjunction with the study of free- 
board requirements for establishing the heights of the nonoverflow 
retaining structures of dams. The maximum possible flood for the 
drainage-area tributaries to each of the proposed flood-control reser- 
voirs is derived from the rainfall of the maximum possible storm 
through the medium of the inflow unit hydrograph. 

Theory of unit hydrographs 

The unit hydrograph for an area is defined as a discharge hydrograph 
representing 1 inch of runoff from a rainfall of unit duration on the 
area. The basic principle implies that the ordinants of the hydro- 
graph resulting from any storm of selected unit duration are propor- 
tional to the ordinants of the unit hydrograph in the direct ratio of 
storm runoff to the unit hydrograph of 1 inch. For example, storm 
runoff of 2 inches within the unit of duration would produce a hydro- 
graph of ordinant twice as great as the unit hydrograph. 
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The following three general methods are ordinarily available for 
developing unit hydrographs: 

(1) By use of rainfall-runoff records for isolated ‘‘unit storms.”’ 

(2) By process of trial construction of unit hydrograph and 
verification using rainfall-runoff records of major storms. 

(3) By computation of synthetic unit hydrographs through the 
use of empirical relationships. 

The first method is the most direct and can be employed where 
data are available from an isolated storm of suitable duration that 
had reasonably uniform rainfall rates. The second method requires 
the construction of a trial-unit hydrograph, usually by synthetic 
methods with subsequent readjustments as required to reproduce 
correctly and to observe the hydrograph from recorded rainfall data. 
The synthetic unit hydrograph procedure is used in hydrologic studies, 
generally where records suitable for more direct development are not 
available. A number of synthetic methods have been developed, the 
most suitable for use in these studies being the method developed by 
Franklin F. Snyder and known as Snyder’s method for development 
of synthetic unit hydrographs. 

For a detailed discussion of the application of the unit hydrograph 
to the hydrologic studies of the Chagres River Basin, reference is 
made to paragraphs 43 to 48 inclusive, and accompanying figures 20 
to 34, inclusive, section 7, part 2, appendix 9, [CS—1947. 


APPENDIX 6 
HYDROLOGY 
List of figures 


1CS—1947 

Appendix 9 

Figure 1— Map of Panama Canal drainage area. 

Figure 2—Fog duration and frequency—Gaillard cut. 

Figure 3—Fog duration and distribution—Gaillard cut. 

Figure 4—Fog duration and frequency—Bohio. 

Figure 5—Fog duration and distribution—Bohio. 

Figure 6— Map of Panama Canal Region Rainfall Station. 

Figure 7—Panama Canal region rainfall records. 

Figure 8—Panama Canal drainage area. Isohyetal map— Mean annual rainfall. 

Figure 9—Panama Canal drainage area. Isohyetal map—Mean flood season 
rainfall. 

Figure 11—Mass rainfall curves—Storms of December 6, 1939, and December 
12-15, 1944. 

Figure 12—Panama Canal drainage area. Isohyetal map—Storm of November 
12-23, 1935. 

Figure 13—Panama Canal drainage area. Isohyetal map—Storm of December 
18-20, 1943. 

Figure 14—Panama Canal drainage area. Isohyetal map—Storm of December 
12-15, 1944. 

Figure 16—Panama Canal drainage area. River stage stations. 

Figure 17—Panama Canal drainage ares. River stage records. 

Figure 19—Chagres River at Alhajuela flood runoff. Depth—Duration curves. 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES—1947 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES — 1947 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES—1947 


DENSE FOGS 
FORMATION AND DISSIPATION 


no CR EEE 


Ya 
R424 
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Giitalbarbs 


DURATION 


fiber bhere 


FREQUENCY OF OCCURRENCE AVERAGE OF OBSERVATIONS 

ee eee 1906-I9!1! INCL 
SHADED PORTION INDICATES DENSE FOGS 
HEAVY LINE INDICATES AVERAGE OF ALL FOGS 


FOG DURATION AND FREQUENCY 
BOHIO 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES — 1947 


OAYS PER YEAR 
ANNUAL OCCURRENCE OF FOG 


IN HOURS 








DURATION 





30 40 
PERCENT OF DAYS 
DURATION OF FOGS 


“” 
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Ww 
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« 
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Uv 
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PERCENT OF 





TIME OF DAY 
HOURLY DISTRIBUTION OF FOGS 


PERIOD OF RECORD: FOG DURATION AND DISTRIBUTION 


NOV. 1908-DEC. 911, INCLUSIVE. BOHIO 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES — 1947 

















PERIOD OF RECORD 


Q STATION 1860 1880 1900 


AGUA CLARA - RESERVOIR 

AGUA CLARA ~- RIVER 

AGUA SUCIA 

ALHAJUELA (MADDEN DAM) 
ON 





BALBOA HEIGHTS 





CAIMITILLO (CALZADA LARGA) 
CAMACHO 






GATUN RIVER 
(ROSARIO) 


NOMBRE DE DIOS 
OBISPO DRAINAGE 
PANAMA CITY 

PANAMA CITY-AIRPORT 






































PEORO MIGUEL RIVER 
PEORO MIGUEL VALLEY 
PELUCA 





RIO BOQUERON - HEADWATERS 
RIO BOQUERON ~ MOUTH 

RIO FEO 
RIO GRANDE 


SADOLE S-MADDEN DAM 
SALAMANCA 
SAN JUAN 





SANTA BARBARA 
SIRi GRANDE 
SUMMIT 
TABERNILLA 


TABOGA oe 
een TT Tl 
INIDA 
VIGIA — | 


PANAMA CANAL REGION 
RAINFALL RECORDS 
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THE PANAMA CANAL ISTHMIAN CANAL STUDIES — 1947 


INCHES 


IN 


4 
3 
< 
Z 
< 
« 
a 
wi 
a 
< 
a 
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2 
5 
0 
v 
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LEGEND: 


@-— 0BSERVED RAINFALL AT GATUN FOR STORM 
BEGINNING AT 7AM. DECEMBER 6, 1939, IN WHICH 
THE MAXIMUM I-HOUR RAINFALL OF 5.68 INCHES 
WAS RECORDED. 


(@— OBSERVED RAINFALL AT AGUA CLARA FOR STORM 
BEGINNING AT 12 NOON DECEMBER 12,1944 IN 
WHICH THE MAXIMUM 24-HOUR RAINFALL OF 
13.62 INCHES WAS RECORDED. 


©—WEIGHTED RAINFALL ON THE CHAGRES RIVER 


DRAINAGE AREA ABOVE MADDEN DAM (393 SQ. Mi.) 
FOR STORM BEGINNING AT 12 NOON DECEMBER /2. 


LL ee 
Leer 
Vat 


TIME IN HOURS 
MASS RAINFALL CURVES 


STORMS OF DECEMBER 6, 1939 
AND DECEMBER 12-15, 1944 
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ISOHYETAL MAP 


PANAMA CANAL DRAINAGE AREA 
STORM OF DEC. I2-15 ,1944 
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DISCHARGE OF MAXIMUM POSSIBLE FLOOD 
DERIVED BY APPLICATION OF THE ALHAJUELA 
UNIT HYDROGRAPH ( DRAINAGE AREA 393 SQ. 
Mi.) TO RAINFALL EXCESS OF THE MAXIMUM 
POSSIBLE STORM AND ADDING BASE FLOW 
OF 4000 CUBIC FEET PER SECOND. 


DURATION IN DAYS 


CHAGRES RIVER AT ALHAJUELA 
FLOOD RUNOFF 
DEPTH-DURATION CURVES 


APPENDIX 9—FIGURE 19 


57677 O—60—_46 
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HYDROLOGY 
Tables 


ICS—1947 


Appendix 9 

Table 1— Drainage area of the Panama Canal. 

Table 2— Monthly distribution of mean annual rainfall. 

Table 3— Mean monthly air temperatures. 

Table 6— Mean monthly evaporation in inches. 

Table 8—Record of fog observations. 

Table 9—Availability of rainfall records. 

Table 14—Chagres River at Alhajuela— Mean monthly discharge 

Table 15—Upper Chagres River Basin. Maximum and minimum monthly and 
annual runoff. 

Table 16—Upper Chagres River gaging stations. Maximum peak discharges 
and 24-hour volumes. 

Table 17—Gatun and Madden Lakes minimum runoff. 

Table oo Chagres River Basin rainfall-runoff. Relations—Flood seasons 
(October-December), 1941-46. 


TaBLe 1.—Drainage area of the Panama Canal (Gatun locks to Balboa) 











Key Area 
in Drainage basin (square 
fig. 1 miles) 
1 | Chagres River, above Alhajuela (Madden Dam)................-------.-.---------. 393 
2 | Chagres River, Alhainela to Gamitios...i47..............-........4-......4--..--.-.. 127 
et en Ek ho EE cis cnéawncdceseneewanttas dubnedpascenencs 152 
i ee Sl Ren ecwnee 313 
Ta et rink cemtbacconese 120 
6 | Small stream tributary to Ch River, Gamboa to Gatun Dam-______._.-.-_...-__- 174 
7 | Small streams, Pacific side of Continental Divide.....-...................-.--..------ 79 
hk ciieteed tennnthcenaemiancneb es eS PS Oe a a oe 1, 358 


TaBLeE 2.—Monthly distribution of mean annual rainfall 
[Records to 1946, inclusive] 


Cristobal 76-year Madden Dam Balboa Heights 
record 47-year record 49-year record 





Inches Percent Inches Percent 





Month: 
EE ntiedenintemncewcent dil 3. 29 2.5 0.97 1.0 1.04 1.5 
ic. ch. chaeadecetecte 1. 2 1.2 . 58 .6 1, 59 9 
 tieniiiab bp aalen ve minuats 11,48 1.2 1, 48 .5 .71 10 
i ian ae i, 4.07 3.1 3.10 3.2 2. 82 41 
DEED cub eebacketbdsapcasdn 12. 54 9.6 11. 25 11.5 7.84 11.3 
a ee 13. 67 10.5 11.71 11.9 8. 22 11.8 
ee ee wonake 15. 54 11.9 12. 21 12.5 7.08 10.2 
hs - intmabaesaenkunwhe: 15. 36 1.8 11. 93 12.2 7.79 11.2 
September.-................. 12. 65 9.7 11. 27 11.5 8. 06 11.6 
lage A TE BL. 15. 87 12.2 1 14, 57 14.9 1 10. 36 14.9 
i a ln 1 22. 26 17.0 13. 89 14.2 10. 10 14.5 
SS SSS a & 12.12 9.3 5. 90 6.0 4. 86 7.0 
Meanannual.-._.._.....-...- 130. 37 100. 0 97. 86 100. 0 69. 47 100. 0 
Maximum year.__........._.. 183, 41 141.0 152. 04 155. 0 91. 42 132.0 
Minimum year- -_-.........-.- 86. 54 66.0 71. 95 74.0 45. 58 66. 0 


1 Maxima or minima. 


oS snap 


RUE ORR eT 
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TaBLe 3.—Mean monthly air temperatures, degrees Fahrenheit 
[Records to 1946, inclusive] 





Christo- | Madden | Balboa Christo- | Madden | Balboa 
bal Dam Heights bal Dam Heights 
39-year 15-year | 41-year 39-year | 15-year | 4l-year 
record record record record record record 
Month—Con 
80.1 76.9 78. 4 September-__-_._- 79.9 77.1 78.6 
80.0 77.4 78.7 October........-- 79.2 76. 6 79.9 
80.6 78.5 79.9 November-___.._- 179.0 176. 5 177.6 
181.2 179.5 180.5 December inal 80.0 86.7 78.3 
80.8 78.5 79.5 || Mean annual -__-__- 80.1 77.6 78.8 
80.2 77.9 78.9 || Maximum..__.___- 95.0 98.0 97.0 
80.3 77.9 79.0 |} Minimum. _...-... 66.0 59.0 63.0 
80.0 77.4 78.7 


~ 1 Maxima or minima. 


TABLE 6.— Mean monthly evaporation, in inches 





[Records to 1946, inclusive] 

Cristobal'| Madden | Balboa Cristobal'|; Madden | Balboa 
1l-year Dam? | Heights! ll-year Dam? | Heights! 
record 29-year 39-year record 29-year | 39-year 

record record record record 
Month: Month—Con. 

January. ---...... 6. 06 5.71 6.18 September-_-____- 3.19 3. 27 2. 84 
February --_-..... 6. 39 6. 06 6. 68 a 3.29 3. 25 2.93 
Mareh........... 37.39 36.98 37.83 November. ___-_- 3.13 33.15 2. 88 
i oteneveesin 6. 00 5. 97 6.12 December. -- --_. 4. 52 4. 38 4.14 
ME odacuc 8a tose 3. 96 4.23 3.67 || Mean annual. --__- 53. 48 53.14 52. 19 
Es Avcinccailesainns 3.27 3. 23 32.76 || Maximum annual - 59. 16 65. 04 63. 76 
July - wauben 33.11 3. 51 3.10 || Minimum annual. 45. 03 40. 76 35. 27 
Amgutt.....s.<scss 3.17 3. 40 3.01 





! Measured in 10-inch diameter insulated land tank. 

2 Mean of 17-year record from measurements in 10-inch diameter insulated land tank and 12-year record 
from measurements in 4-foot diameter floating pan. 

3 Maxima or minima. 


TaBLeE 8.—Record of fog observations 








Place of observation Period of record 
ARADRD.... «2.09 <a0ds0s0egneae pda stones B<2<P<3~<8~955-9-G ..---| November 1908 to September 1914. 
pS ee ES EE ae A EAE SS SET November 1908 to September 1931. 
EE +. 3 00scro tne bet Min ncedidececknwmeiiasadilh December 1934 to December 1945. 
I ou sicimnicacepeouiee salar pS Feces niin dean pai ..-.| November 1908 to November 1913. 
li gs:0cccaciimnnethknngh Sl ER naaiinneeelniewnmmatl November 1908 to December 1911. 
te cinaeus éieks nde ste Cais aside cen amino ae November 1908 to February 1913. 
RENNER SRI AS ak aN esiaetienmniil ..-----------| February 1908 to February 1915. 
Dump Inspector Island - -.-..--....- nak ts nina am aoe October 1935 to March 1938. 
ia cl cA US OES och « dadin tes +00 sevetastencenecnsouse October 1908 to December 1945. 
SD naga oncdnae cbeh al tehiiasounvidgauebientaudcdinall October 1910 to December 1915. 
NI «x csieika sath ab ak Ae ews eennen apelin camel October 1916 to November 1945. 
ee ae eee January 1936 to December 1945. 
Galen ent cother nentien — 7. -:------------<----- =: June 1925 to August 1945. 
Podge Misselici Go 4 St $4 5,324.63-Ss-% February 1908 to December 1945. 
ee Eee Se toma January 1935 to December 1945. 





TaBLeE 9.—Abvailability of rainfall records 




















Number of rainfall stations Number of rainfall stations 
Year Year 

Active | Inactive Total Active | Inactive Total 
Mee tek ee 1 0 RL hacpasunsene 29 13 42 
_, RBRESRRS 1 1 2 |} 1920... 33 21 54 
Me Aico nstseiediescam 1 2 Be Bicrckchctinkobed 32 31 63 
Pbehcke sana see 3 6 y Pibnhwkehcgehonee 34 38 72 
Wl dnchcnasaniinens 13 4 17 1946___... emma ese 36 43 79 


N OTE.—9 additional rainfall stations were installed during 1947. 
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Chagres River at Alhajuela, mean monthly discharge 


TABLE 14.— 


[In cubic feet per second; drainage area 393 square miles} 
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TABLE 15.—Upper Chagres 
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River Basin mazimum and minimum monthly and 
annual runoff 


{In inches] 





























Chagres River Ch River Pequeni River Boqueron River 
Alhajuela ! co Candelaria Peluca 

(393 square miles) (160 square miles) (52 square miles) (35 square miles) 

Maxi- Mini- Maxi- Mini Maxi- Mini- Maxi- Mini- 

mum mum mum mum mum mum mum mum 

Month: 

January 14.7 2.2 9.9 3.8 15.3 4.2 10.0 3.4 
February..---..-.- 8.8 1.4 5.2 2.3 7.8 2.4 6.1 1.4 
Bek. 5 cee 4.8 1.1 4.5 1.9 7.2 2.0 3.5 9 
OD Es cdcenpemae 8.9 .8 7.2 2.1 10.3 2.1 6.7 1.6 
i gabcaiaceusan 15.4 1.4 27.1 2.6 19.2 2.8 18.6 2.7 
June_. 13.9 4.3 10.8 4.4 18.0 7.8 20.6 5.6 
et Nea na ohh 18.6 4.0 15.9 4.0 24.0 8.4 17.5 8.0 
Dc icciteccss 16.2 5.3 18.8 6.0 19.4 10.8 18.0 7.4 
September 14.4 5.2 10.3 5.4 14.8 6.8 12.6 6.5 
Guemeer.....2.2... 29.2 5.6 19.6 4.9 27.4 5.6 22. 4 4.2 
November 45.8 7.1 39.3 6.3 54.5 8.9 44.6 8.9 
December... -...-- | 45.8 4.1 27.2 5.4 42.2 7.3 44.6 5.6 
Annual... ____. 169.3 57.1 138. 5 63. 2 181.9 97.1 180. 1 86.7 











! Discharges during period 1934 to 1946, inclusive, computed from records of evaporation, outflow, and 
changes in storage of Madden Lake. 
1933 -46. 





Alhajuela record is 47 years, 1900-46, and other records are 14 years, 
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TABLE 18.—Upper Chagres River Basin rainfall-runoff relations, flood seasons 
(October-December) 1941-46 


























Chagres River at Chico Pequeni River at Candelaria | Boqueron River at Peluca 
Runoff Runoff Runoff 
Year Weighted a Weighted alte Weighted praieahindiin a 
rainfall, rainfall, rainfall, 
inches Percent inches Percent | inches Percent 
Inches of Inches of Inches of 

rainfall rainfall rainfall 
1941_. 42. 22 47.37 112 47.98 54. 22 112 49. 29 51. 62 105 
1942 46.49 | 32.19 69 38. 10 36.71 96 39. 76 36. 21 91 
1943 50.94 | 41.95 82 41.06 46. 80 114 41.11 46. 85 114 
Se isaiecis utes 52. 55 50. 91 97 53. 24 71.30 134 7. 00 95. 70 168 
1945 42. 86 33, 94 79 34. 03 38. 10 112 31. 68 33. 40 105 
38. 83 29.44 76 32. 12 47.95 149 31. 30 36. 82 118 
Average 45. 65 39. 30 86 41.09 49. 18 120 41. 69 50. 10 120 
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APPENDIX 7 
WATER SUPPLY 
By Howard T. Critchlow 
Water SuppPiy 


The supply of water that is available as surface runoff from a par- 
ticular watershed is dependent upon a number of factors. The basic 
factor is the amount of water that falls in precipitation on the water- 
shed. Other factors such as evaporation, transpiration, interception, 
and percolation represent water losses and reduce the amount of 
water available. Evaporation on the surface of storage lakes, the 
capacity and operation of the lakes, and the minimum runoff pro- 
duced by the tributary watershed during critical flow periods combine 
as interrelated factors to determine the net supply of water available 
for usage. The droughts that have been observed at Gatun and 
Madden Lakes during the period of their operation were discussed 
previously under ‘‘Hydrology,” and the minimum runoff of the 
respective watersheds is shown in table 17, appendix 9, ICS—1947. 

The area and capacity and other pertinent data relating to Gatun 
Lake, Madden Lake, and Miraflores Lake are set forth in the following 
table: 


Data on existing lakes 














Lake Lake 
SE dds wa hd aciere ak de pureete seas p ghee say oateh adhd square miles 1 167 219 91.35 
Gane. «. diises ~ ok cebit bbe 62)... ld. ee acre-feet_.| 4, 400,000 622, 000 17, 500 
lt ee inches 64.2 29.7 8.4 
Dennen G2 o.oo, eh ah square miles. - 1, 285 393 39 
TI bos cuneininno nuh an mebepeeikndtte «shire acre-feet..| ‘4 512,000 5 336, 000 (6) 
beet tage Ny: LAS ASAT A RAE « Rem BERT ce. > al inches _- 7.5 pew tiit..2 seats 
Capacity and area curves---_...-.....-..---i-..-------..: Sahih (*) (*) (*) 
' Elevation, 87.0 feet. 4 Elevations 87 and 82. 7 Fig. 35. 
? Elevation, 250 feet. 5 Elevations 245-208. * Fig. 36. 
3 Elevation, 53.6 feet. * Maintained level (elevation 53.6+). * Fig. 37. 


OPERATION OF EXISTING LAKES 


Gatun and Miraflores Lakes form a part of the waterway of the exist- 
ing Panama Canal. Gatun Lake provides water for lockage of ships 
and for hydroelectric power and is also the source of the domestic 
and municipal water supply. Gatun Lake is normally operated 
between elevations 87 and 82, the higher level being reached by the 
end of the wet season and the lower level occurring at the end of the 
dry season. The use of Gatun Lake storage for generation of hydro- 
electric power at Gatun would be precluded in the operation of Panama 
Lock Canal, plan III, or the ultimate development of Panama Lock 
Canal, plan II (ICS—1947), because of the increased water requirements 
for operation of the larger locks of those plans. The elimination of 
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the Pedro Miguel and the raising of Miraflores Lake to the level of 
Gatun Lake under the plans II or III would result in only a slight 
increase in the usable storage for lockages, the increase being about 
2 percent of the present usable capacity of Gatun Lake. 

In estimating the availability of lockage water for the existing canal, 
it was assumed that Madden Lake would be operated for power, 
water supply, and flood control as developed in the studies for the 
Third Locks project. Storage of 59,000 acre-feet between elevations 
245 and 250 (top of gates) would be allocated to flood control, and 
storage of 336,000 acre-feet between elevations 208 and 245 would be 
allocated to the combined purpose of hydroelectric power and water 
supply. Primary power generation at Madden Dam has been estab- 
lished at 15,000 kilowatts, which requires an average flow of about 
1,500 cubic feet per second, varying from about 1,250 cubic feet per 
second with the lake at elevation 245 to about 1,800 cubic feet per 
second with the lake elevation of 208. This results in a progressive 
increase in releases when the level of Madden Lake falls during the 
dry season, a variation that is also well suited to the best operation 
of supplying water for lockages. 


MINIMUM YIELD CURVES 


The yield curves used for estimating the dependable supply of water 
in the Gatun Lake watershed are those developed in the use of the 
Third Locks project, ICS-1947. A detailed analysis of the derivation 
of these curves is given in “Hydrology of the Panama Canal,” art 2, 
‘‘Water Supply,” June 1942. The curves represent a drought aving 
an estimated frequency of occurrence of once in about 100 years. 
The design of a water supply for a lock canal, using a drought of this 
frequency, would be conservative since numerous water saving opera- 
tions could be employed if a more severe drought should occur (app. 
13, ICS-1947). 

The annual yield computed from minimum rainfall was a lower 
figure than that computed from the runoff data for Madden and 
Gatun Lakes and was therefore adopted. Minimum yield curves 
were constructed with shapes similar to those derived from the rainfall 
study. The resulting curves shown in figure 38, appendix 9, ICS- 
1947, are the minimum yield curves for Gatun and Madden Lakes 
and represent a drought period of 2 years. These curves have been 
used in studies of water supplies for lock canals (app. 5, ICS—1947, 
“Traffic Capacities”; and app. 13, ICS-1947, “Panama Lock Canals’’) 
and also in studies of the development of prime power at the Madden 
and Gatun hydroelectric storages (app. 16, ICS—1947, ‘“‘Power’’) 


MAXIMUM CAPACITY OF THE LOCKS AS DETERMINED BY AVAILABLE 
WATER SUPPLY 


As shown in the table on area, capacity, etc., regarding Gatun, 
Madden, and Miraflores Lakes, Gatun Lake has a storage capacity 
of 616 000 acre-feet between elevations 82 and 87, a workable range 
for lake fluctuations to maintain a dependable fresh-water draft of 
42 feet in Gaillard cut. Madden Lake has a usable total storage 
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capacity of 336,000 acre-feet. The total usable storage available in 
the two lakes is 952,000 acre-feet. The minimum yield curve for 
the Gatun watershed, as given in appendix 9 referred to above, 
indicates that an average storage of 952,000 acre-feet permits a draft 
rate of 2,960 cubie feet per second. Allowing 110 cubic feet per 
second for leakage and municipal uses, 2,850 cubic feet per second 
would be available for lock during the period of minimum yield. 

A through lockage of the followup type requires one lock chamber 
of water in the up direction and initio in the down direction. A 
change-of-direction lockage requires slightly more water; however, 
during capacity traffic, changes of direction would probably not 
exceed two per day, and their effect on water requirements need not 
be considered. The volume of a lockage chamber at Gatun equals 
3.45 million cubic feet. The volume of a lock chamber at Pedro 
Miguel is 3.82 million cubic feet. Therefore, one through lockage 
requires 7.27 million cubic feet, which is equivalent to a flow of 84 
te feet per second for a day. 

Since 2,850 cubic feet per second are available for lockages and 84 
cubic feet per second per day are required for one through lockage, 
the available water supply is adequate for an average of 34 through 
lockages daily. With an average of 1.5 ships per lockage, this would 
be adequate for a volume of traffic averaging 51 ships per day, or 
18,600 ships per year, which is in excess of the 16,660 ships predicted 
for the year 2000 in the “Isthmian Canal Studies, 1947,” or 15,450 
ships per day predicted by the “Stanford Research Institute Studies 
of 1958” for the year 2000. Short chamber lockages are disregarded, 
since, although a greater number of lockages would be possible, the 
average number of ships per lockage would be reduced and would 
result in a lower volume of traffic. Under present conditions of 
operation, there are on the average 1.15 ships per lockage. 

In the present canal, therefore, the available water supply would 
be adequate for anticipated traffic beyond the year 2000. 

The deepening of Gaillard cut would permit Gatun Lake to fluctuate 
between elevations 80 and 88 instead of elevations 82 and 87, as in 
the present canal. The total usable storage available would then 
cael 1,172,000 acre-feet, which would permit a draft rate of 3,480 
cubic feet per second as determined by using the minimum yield 
curve of Gatun Lake (fig. 38 referred to above). Allowing 120 cubic 
feet per second for leakage and municipal uses, 3,360 cubic feet per 
second would be available for lockages during a period of minimum 
yield. Since a through lockage requires 84 cubic feet per second for 
1 day, the available water supply would permit an average of 40 
through lockages per day, or 60 ships per day at 1.5 ships per lockage. 
The anticipated traffic in the year 2000, an average of 46 ships per 
day, could be transited with an average of 1.15 ships per lockage, 
which is the present practice. Reference is made to figure 24, appendix 


13, ““‘Water Supply Study, Lock Canal Plan II, Initial Development,” 
ICS-1947. 
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TIME REQUIRED TO REPLENISH GATUN LAKE STORAGE 


The time required to refill Gatun Lake in the event of loss of storage 
due to the breaching of a retaining structure would be dependent 
upon the season of the year when the filling operation was initiated 
and the yield of the watershed during the filling period. Separate 
computations have been made utilizing average yields of the watershed 
during the 33-year period of records with the filling operation starting 
at the beginning of the dry season (January) and at the beginning of 
the wet season (May). Filling time also has been determined for the 
driest and wettest periods observed in the 33-year period. Results 
of the study are summarized in table 23, appendix 9, ICS-1947. 


TABLE 23.—-Time required to fill Gatun Lake 


Filling time, months 





Runoff condition 





Average of record (33 years): 
ne” 5) ae nna Se eee 1 


1.2 10.4 

Beginning of wet season (May)-_.--...--.....--.-.---.--1---------------- 7.9 6.8 
Driest of record: Beginning December 1929___-_-...-.-.....--....----------- 19.3 17.5 
Wettest of record: Beginning September 1935. -___.............-..--.-------- 3.7 3.1 
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APPENDIX 9 

Figure 35—Gatun Lake—Area and capacity curves. 

Figure 36— Madden Lake—Area and capacity curves. 

Figure 37— Miraflores Lake—Area and capacity curves. 

Figure 38—Gatun and Madden Lakes— Minimum yield curves. 


Figure 24 (app. 13)—Lock Canal Plan II—Water-supply. study. 
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NOTES: 
1 DATA FROM THIRD LOCKS HYDROLOGY 
REPORT, PART 2, WATER SUPPLY. 


2 CURVES BASED ON PROBABILITY STUDIES - 
OF MINIMUM RUNOFF, MINIMUM RAINFALL, 
AND MAXIMUM EVAPORATION. 


3 CURVE FOR GATUN LAKE INCLWOES 
RUNOFF FROM 393-SQUARE-MILE AREA 


§,050,000 . 3480 
2156524198 


= 


STORAGE: ~ 
GATUN L. EL. 80-88 836,000 ACRE FEET 
MADDEN L. EL. 208-245 336,000 ACRE FEET 

TOTAL 1,/72,000 ACRE FEET 
~ GATUN L. EL. 81-87 616,000 ACRE FEET 
MADDEN L. EL.208 -245 336,000 ACRE FEET 

TOTAL 952,000 ACRE FEET 

| | | 
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TIME IN MONTHS 
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APPENDIX 12 
SLOPES AND FOUNDATIONS 





PART I 
INTRODUCTION 
SECTION 1 
SCOPE OF SLOPE AND FOUNDATION STUDIES 





1. SCOPE: The design of slopes and foundations undertaken in the 
course of the studies under Public Law 280, 79th Congress, lst Session, 
was facilitated greatly by the large amount of work performed during the 
Third Locks program from 1939 to 1942. The Third Locks investigations 
had developed detailed geologic information for some areas and fairly 
accurate general outlines of the geology for other areas. The critical 
formations, Atlantic muck and Cucaracha, had been thoroughly sampled and 
tested. Other formations of less significance, because of their inherent 
high strength, had not been extensively investigated. Slopes had been 
designed and excavations had actually been made in some materials and had 
been standing for several years, so that reliance could be placed on the 
design criteria used. 


During the present studies, additional geologic explorations were 
made in critical locations, extending to sufficient depths to determine 
the materials to be affected by excavation, with the emphasis being placed 
on the Continental Divide region, where the deepest cuts would be made. 
The drill holes were carefully logged by geologists and samples of the 
weak materials tested in the laboratory. Conventional laboratory testing 
was principally confined to materials nt previously tested, although 
check tests were made on other materials for purposes of correlation. 
In addition, an extensive program of special tests was conducted in an 
attempt to determine the residual shear strength of the Cucaracha forma- 
tion and the Atlantic muck. An investigation of the effects of dynamic 
forces, such as would_result from weapon explosions, on the shear strength 
of soils and rocks was initiated under a contract arrangement with Harvard 
University. 


Design analyses were made for the permanently submerged slopes 
that would be required in the muck of the Gatun Lake area, and stability 
analyses were made to check the slope design standards established during 
the Third Locks program for the Cucaracha and Culebra formations. A 
large amount of analytical work was done to appraise the effects of dynamic 
forces on slopes. 
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Studies were madeof the design of embankment slopes for flood- 
control dams to be built on Atlantic muck. Investigations made during 
the Third Locks Project -at the Miraflores site indicate that the materials 
are adequate for the foundation of tidal-regulating structures at this 
location. The studies and designs completed during the present investiga- 
tions are presented here in their application to the recommended Panama 
Sea-Level Canal. The design standards presented would apply equally to 
the materials expected to be encountered on the Panama Parallel Route, 
Plate 3 of the report, or on the improved Panama Lock Canal. 


All soil studies have been subject to the examination and review 
of qualified consultants who are specialists in soil mechanics. These 
include Dr. Arthur Casagrande, Professor of Soil Mechanics and Foundation 
Engineering at Harvard University, and Mr. E. Montford Fucik of the Harza 
Engineering Company, formerly Chief of the Soil Mechanics Subsection, 
Special Engineering Division, The Panama Canal. Two other consultants, 
Dr. Harakd M. Weatergaard, Professor of Civil Engineering, Harvard Uni- 
versity, and Dr. L. Den Leet, Professor of Seismology, Harvard University, 
were employed to advise on the stability of slopes subjected to explosive 
and earthquake forces. All major decisis in this field were reviewed 
and approved by the General Board of Consulting Engineers. 
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SECTION 2 
AS D FOU ONS 


2. STRUCTURE AND STRATIGRAPHY: The geologic features of the recom 
mended sea-level canal alignment differ only in detail from those present 
along the existing Canal. Topography of the region is the result of stream 
erosion in a humid climate acting on a land surface composed of rocks of 
different resistance to erosion, which has been periodically uplifted and 
depressed with respect to sea level. A distinctive topographic feature of 
the area is the presence of numerous steep-sided, conical-shaped hills. 
These prominences, completely covered with jungle vegetation, are usually 
capped with basalt or agglomerate, The highest elevation along the pro- 
posed route of the Panama Sea-Level Canal is about 960 feet above sea 
level. Detailed geologic descriptions and geologic maps and profiles are 
contained in Appendix 8. 


CPS ASO Te 


Sa 


The geologic structure and stratigraphy of the region are complex. 
Between the Atlantic Ocean and the vicinity of Gamboa the rocks are mainly 
sedimentary in origin. In the vicinity of Gatun, sedimentary beds of late 
Tertiary rocks dip northerly at low angles, Folding, faulting, and igneous 
intrusions become increasingly prominent south of Gatun. Most of the sedi- 
mentary strata of the Gatun leke area are but moderately indurated; how 
ever, basalt dikes are present in the vicinity of Tiger, Bruja, and Barro 
Colorado Islands, Darien Ridge, and Gamboa. 


OK ASTER IRE FFE 


The Atlantic mucks underlie Limon Bay and the Trinidad and Chagres 
arms of Gatun Lake. 


The part of the route between Gamboa and Balboa embraces a wide va- 
riety of rock types ranging from soft, weak, intricately slickensided clay 
shales, typified by the Cucaracha formation, through moderately hard sand- 

y stones, conglomerates, and tuffs to strong, igneous rocks. Beds of vari- 

f able hardnesses are intimately associated as a result of rapid changés in 

E conditions of deposition, volcanic activity, and complex faulting. In this 
area the rock masses have been highly faulted and less conspicuously folded. 
Structural relationships of the hill-forming hard basalts and agglomerates, 
with regard to adjacent or underlying softer materials, are of great in- 
portance, Where hard, erosion-resistant rocks extend well below excava- 
tion grade, no unusual engineering problems are presented. Experience in S) 
construction of the existing Canal demonstrated that where a deep cut is 
made through a stratum of hard competent rock underlain by a weak material, 
with the contact above the bottom of the cut, or within limited distances 
below, severe slides may result unless adequate unloading of the overlying 
hard rock is provided for in the slope design. Therefore, during the cur=- 
rent studies, particular attention was devoted to the structure of the ba- 
salt- and agglomerate-capped hills in the Continental Divide-Pedro Miguel 
section, especially where the extremely weak Cucaracha beds are known to 
occur below them. 
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3. eed OF FORMATIONS: There follows a brief description of 
all materi likely to be encountered in the alignment of the proposed 
canal. It is expected that only minor quantities of formations differ~- 


ent from those listed will be found. The engineering properties of 
the various Canal Zone rock units are summarized in Table l. 


a. Cucaracha eed This formation is composed of largely 
weak, gray~green, often slickensided, soapy, and locally bentonitic clay 
shales with minor interbedded carbonaceous shales, sandstones, and con- 
glomerates. Volume changes under loading have resulted in a shifting of 
this material and the creation of intricate systems of slickensides. 
These smoothly polished, minute fractures have the effect of weakening 
the rock. Another tendency exhibited by this rock is that of swelling 
and slaking upon exposure to air. This material, which is found exten- 
sively along the Continental Divide where some of the deepest cuts will 
be made, is the most critical of all the rocks encountered and was re- 
sponsible for the major slides in the original Canal construction. 


b. Atlantic Muck: This material is composed of soft, medium 
plastic, silty clays or silt, fine sand, and organic matter, This is a 
very weak material. The natural unit weight varies between 68 and 105 
pounds per cubic foot. The water content is between 35 and 212 percent 
dry weight of soil, and the specific gravity is between 2.20 and 2.87. 
Semi-decayed organic matter is found to a variable extent in the muck. 
Muck occurs in the Gatun Lake area along topographic lows from the en- 
trance at limon Bay to the vicinity of Barro Colorado Island. 


At the Pacific entrance, a similar deposit designated as Pacific 
muck is found from the sea approaches to the Miraflores Lake area, 


c. Culebra, La Boca, and Las Cascadas: The Culebra formation 
consists of an upper member of calcareous sandstone and carbonaceous 
shale layers, and a lower member of carbonaceous shales with minor beds 
of siltstone, tuff, and stronger conglomerates. The carbonaceous shales 
have a tendency to slake and check upon exposure to the air. The Cule- 
bra formation occurs extensively along Gaillard Cut. 


The La Boca formation occurs extensively in the Miraflores area 
and consists of silty to sandy, variably carbonaceous shales with in- 
terbedded lenticular layers of sandstone and massive beds of agglomer- 
ate. ; 


The Las Cascadas formation is composed of beds of medium-hard 
agglomerate with interbedded varicolored tuff, Many of the beds of tuff 
contain scattered to abundant fragments of pebble=- to cobble-size ba- 
salt. This formation is exposed along Gaillard Cut near the abandoned 
Las Cascadas townsite. 
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d. Gatun, Bohio, and Caimito: The Gatun formation consists pre- 
dominantly of massively to thinly bedded sandstones and siltstones and is 
uniform in strength. This formation occurs between Limon Bay and Gatun Lake. 


The Bohio formation embraces massively bedded and jointed sandstones 
and conglomerates. The conglomerat< is composed of igneous rock fragments 
ranging from pebble- to boulder-size in a coarse sandstone matrix. The 
Bohio is present in the Gatun Lake area. 


The Caimito formation is predominantly tuff with interbedded tuffa- 
ceous sandstones, conglomerates, and limestones. This formation occurs 
extensively in the Gatun Lake area. 


e. Basalt, Pedro e lomerate, and Bas Obispo: Basalt is a 
hard, generally fine-grained rock that usually occurs as a body intruded 
into other rocks. Basalt exposed in cuts often exhibits cqlumnar jointing 
with a tendency to break or separate into six-sided columns up to four feet 
in diameter. Orientation of the columns is a factor in their stability. 
Basalt is exposed in the Miraflores Third Locks cut and elsewhere. 


Pedro Miguel agglomerate is a strong rock consisting of fragments 
ranging in size from small pebbles to huge basalt blocks in a welded or i 
calcareously cemented, variably sandy, tuffaceous matrix. Tuff occurs as ; 
scattered layers within the agglomerate units. The Pedro Miguel and other 
agglomerates are extensively exposed in the Continental Divide and Pedro 
Miguel areas. i 


The Bas Obispo formation is compesed essdéntially of agglomerate 
with a highly indurated sandy matrix and in part resembles the Pedro Miguel i 
and other aggtomerates. Exposures of this formation are found in Gaillard f 
Cut south of Gamboa. i 


f. Pre-Tertiary Compiex and Gatuncillo Formations: The pre- 


Tertiary complex consists of basalt masses, coarse agglomerate, well-bedded 
tuffs, and fine-grained semi-metamorphosed sediments intimately intermixed. 
The Gatuncillo rocks so far encountered in the Chagres diversion channel 
consist of finely bedded shales, siltstones, and massive limestones. These 
formations were only recently identified, so it has not been possible to 
make strength tests or establish slope standards for them. However, these 
formations are of little importance in the proposed sea-level canal excava- 
tion, since the only place they will be encountered is in the Chagres diver- 
sion channel north of Gamboa. 


loosely to well compacted stream deposit of clay, silt, sand, and gravel. 


g- The Chagres Granular Alluvium: This formation is a variable : 
This unit occurs along the Chagres River and its tributaries. 
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h. Overburden and Weathered Rock: 


as mantles, generally the products of decomposition of the underlying rocks 
are designated as overburden or weathered rock. 
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PART II 





FIELD EXPLORATION AND SAMPLING 


5. SCOPE OF EXPLORATIONS AND SAMPLING: Field explorations to obtain 
the geologic and soils information necessary to make accurate estimates 
of slopes and properly to appraise the foundation conditions for appurte- 
nant structures during the current studies were limited almost exclusively 
to core drilling. Core samples were taken at frequent intervals and pre- 
served for testing in the Soil and Rock Testing Laboratory. 


6. FIELD ORGANIZATION AND EQUIPMENT: Drilling equipment consisted of 
nine Sullivan Model No. 37 drills mounted on trucks, two Sullivan Model 
No. 200 drills, and five light Longyear drills. 


The Sullivan Model No. 37, truck-mounted drill proved to be a 
very efficient machine for routine drilling, and most of the work was 
accomplished with this type of drill. The Sullivan Model No. 200 drill 
was well suited to drilling large-diameter holes and holes which required 
a large amount of casing. The small Longyear machine was used on angle 
holes and on locations not accessible to the truck-mounted drills. 


The field inspection force consisted of trained geologists as 
inspectors, one for each drill, and a chief geology inspector whose 
supervision insured uniform classifications. The material recovered 
from the drilling was immediately classified by the geologist on duty, 
who prepared a field log for each hole. A more comprehensive classifi- 
cation was made at the end of drilling for a final log when all the cores 
recovered could be laid out, examined, and correlated with the various 
formations encountered. This log was prepared by the area geologist or 
chief inspector in collaboration with the inspector. 


The Soils and Foundations Section assisted in the classification 
and description of the overburden materials, especially of the physical 
properties not commonly covered by geologic nomenclature. In describing 
the overburden, the standard nomenclature of the Airfield Classification 
(AC) system was used. ("Classification and Identification of Soils," by 
Arthur Casagrande, Proceedings, American Society of Civil Engineers, June 
1947.) The Soils Section had a full time inspector assisting the geologic 
inspectors in making soil classifications and supervising the sampling 
operations. The inspector was responsible for supplying the geology 
inspectors with soil sampling tools and materials, collecting samples, 
instructing inspectors in soil classification, and making special field 
tests as directed by the Soils and Foundations Section. In order to ac- 
quaint the geology inspectors with the purpose and importance of obtain- 
ing samples, each inspector was assigned to the Soil and Rock Testing 
Laboratory for a period of one to three days. 
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Drill holes were spotted in the field by the Geology Section and 
later, the location and elevation were determined accurately by the Sec- 
tion of Surveys of The Panama Canal. 


7. DRILLING PROCEDURE: Holes were normally started by using 3-inch 
diameter casing with a carboloy bit on the cutting edge to drill through 
overburden. The portion of the hole drilled through overburden was cased 
with 4-inch pipe. Drilling proceeded with the 3-inch casing until material 
hard enough to require the use of water was encountered. After one run 
with the 3-inch casing in the hard material (usually hard weathered rock 
or sound rock), the 4-inch casing was driven to refusal. A 3-inch casing 
with a carboloy bit on the lower end was then set to the bottom of the 
hole inside the 4-inch casing, and the hole cleaned out. At this point, 
regular rock-drilling methods were started, using a 10-foot NX double- 
tube core barrel equipped with a hand-set carboloy bit, which would cut 
a 2-1/8-inch core. Through hard, sound rock it was not necessary to use 
any more casing; however, when soft rock or shale was encountered, it was 
necessary to ream the 3-inch casing to the bottom of the hole after each 
run with the core barrel. In some cases, when several hundred feet of 
hard rock was penetrated and then soft material encountered, or when the 
3-inch casing became too tight to rotate in soft rock, smaller casing 
was set inside the 3-inch casing and drilling proceeded with a BX double- 
tube core barrel cutting a core 1-7/8 inches in diameter. Holes were 
usually drilled to elevation -100 except that special holes were drilled 
to lower elevations for the purpose of tracing phases of the geologic 
formations. Upon completion of each hole, the casing was pulled for re- 
use. Continuous cores were taken from all holes, placed in core boxes, 
and the depths indicated on wooden blocks which were placed in the core 
box at the top and bottom of each run of the core barrel. (Figure 1.) 


8. SAMPLING, GAILLARD CUT SECTION: Along the routes investigated 
the overburden is relatively shallow, and averages about 10 feet in depth 
between Pedro Miguel and Gamboa. Most of this consists of rock and earth 
spoil from the original Canal excavation. No attempt was made to obtain 
undisturbed samples in this shallow overburden. Disturbed samples of the 
overburden were taken from the core barrel, placed in jars, and stored. 
Rock samples consisted of pieces of rock core from 4 to 18 inches long and 
2-1/8 to 1-7/8 inches in diameter. These rock cores were taken from the 
core barrel and immediately wrapped in several layers of heavy waxed paper, 
sealed with a heavy coat of paraffin, and labeled with number of hole, 
depth, and description. (Figure 1.) 


In the strong rock formations such as basalt and agglomerate, three 
representative samples were taken from each rock phase. In the weak forma- 
tions such as Cucaracha and Culebra, core samples 4 to 12 inches long were 
taken every five feet when the core was satisfactory for testing. The core 


Samples obtained in the weak, badly sheared Cucaracha clay shales were seldom 
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suitable for laboratory tests. The material recovered consisted of pebbles 
or cores less than three inches in length but the strata from which such 
samples were obtained were rarely more than 10 feet in thickness. The 
longer cores suitable for tests were recovered from the stronger materials. 


9. SAMPLING, GATUN LAKE ON: In Gatun Lake proper, Atlantic muck 
is the most critical as well as the most common material that would be 
encountered in the excavation for a sea-level canal. This formation con- 
sists of soft, plastic, saturated clays and silts and usually has a high 
organic content. Samples of peat with a strong organic odor have been re- 
covered. Occasionally, a sufficient quantity of marsh gas is present in 
the organic mucks to cause some of the cores to expand from 10 to 20 per- 
cent after being removed from the core barrel. In places, the muck has 
been found to be over 200 feet deep, and it will average 50 to 100 feet 
in depth where it is encountered along the proposed sea-level route. Un- 
disturbed samples of these materials were obtained in three-inch diameter 
brass tubes, 3 to & feet in length, attached to the drill rods by means 
of a special machined drive head. (Figure 1.) In order to obtain as many 
samples as possible without materially increasing the coé#t of drilling, a 
sample was taken at the end of each drill run, usually every 10 feet. 


After the run with the core barrel, the 4-inch casing was driven 
to the bottom of the hole and the hole cleaned thoroughly by washing 
through the drill rods with the 3-inch brass tube attached. After the 
hole was cleaned and the cutt edge of the brass tube was resting on 
the material to be sampled, a 3/4-inch ball check was dropped down the 
inside of the drill rods. This ball fell through the rods to a machined 
valve seat in the drive head just above the tube and was used to support 
the weight of water inside the drill rods while the rods were being pulled. 
The sampling tube was pushed into the muck by the hydraulic drill feed. 
After the tube was forced down it was given a full turn to break the bond 
between the material in the tube and that directly below it. Immediately 
after the sample was removed from the drill hole, visual inspection was 
made of a jar sample of the material removed from the bottom three inches 
of the tube. Material from the top six inches of the tube was discarded 
to exclude any material that had been disturbed by the downward flow of 
the wash water. The top and bottom of the tube were sealed with melted 
paraffin; the tube containing the sample was then labeled and stored in 
the shade until it was transported to the laboratory. This method resulted 
in good samples with very little disturbance. In very soft, oozy clay 
and silt it was sometimes difficult to recover tube samples. In the highly 
organic material, the marsh gas sometimes expanded and pushed the paraffin 
seal out of the ends of the tube. This was overcome by crimping the end 
of the tube over the paraffin plug or punching a small hole in the paraffin 
and letting the gas escape and later plugging the hole. 
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When rock was encountered, three representative core samples were 
taken from each formation penetrated. Gatun, Caimito, and Bohio were the 
most common rock formations in the lake area. No effort was made to ob- 
tain samples of the sand and gravel occasionally encountered in the old 
beds of the Chagres River and its tributaries. 


10. LARGE DIAMETER SAMPLING OF MUCK: In order to supply the labora- 
tory with larger undisturbed samples of the Atlantic mck, one 12-inch 
diameter hole was drilled-on the new Gatun Locks north plug. At this 
location the muck is overlain by 8 foct of old hydraulic fill and 12 
feet of soft, highly plastic, brown and gray clay. A 12-inch diameter’ 
fish-tail bit was used to penetrate the overlying materials 4nd the 
first few feet of the muck--a total depth of 29 feet. After being washed 
out, the hole stood open without caving or sloughing so that casing was 
unnecessary. 


A piece of 10-inch diameter pipe, 3/4, inch thick and 5 feet long, 
was used as a sample tube. This pipe had no bevel cutting edge or spe- 
cial fitting except a plug by which it could be attached to a 4-inch 
pipe, which in turn could be attached to the conventional drill rods. The 
head was fitted with a ball-check valve. The 10-inch sampler, attached 
to the drill rods, was lowered to the bottom of the hole. Water was cir- 
culated and the sampler rotated in the conventional manner until 2 feet 
had been penetrated. At this point, the water was tumed off anda re- 
lease valve opened for water to-escape from the sampler as it pushed into 
the muck without rotating until 3 feet more had been penetrated. The 
sample was then allowed to set a few minutes (2 to 5) so that the mck 
could expand and exert pressure against the sides of the sampler. The 
relief valve was then closed, the sampler rotated one full turn and 
pulled from the hole. 


The top 2 feet of the sample that was drilled with water came 
out of the hole as a perfect 8-inch diameter core but became disturbed 
in some cases through handling.- The lower 3 feet was in very good condi- 
tion. After being removed from the hole, the open ends of the tube were 
sealed with melted paraffin. The sample was then kept moist by a covering 
of wet burlap until it was stored in the humid room at the Soil and Rock 
Testing Laboratory. To facilitate handling and removal of the sample from 
the tube, the entire 5-foot pipe, with the sample in it, was cut in one- 
foot pieces on a large pipe-cutting machine. The sample was not damaged 
by this operation and extruding the sample from the one-foot sections of 
pipe was easier. 


This sampling procedure proved to be relatively inexpensive. 
Three 10-inch samples, each 5 feet long, were obtained at a cost of 
approximately 10 hours of drill time, including 4 hours of moving and 
setup time. The drill used for this project was a truck-mounted Sullivan 
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Model No. 37. This method of sampling could be improved by using a 10-inch 
diameter tube rolled from 1/8-inch sheet iron as a sampler. ith some 
effort and care, large-diameter undisturbed samples can be obtained at a 
little more than normal drilling costs. 


1l. DRILLING ON FOUNDATIONS FOR APPURTENANT STRUCT : A limited 
number of holes were drilled on the sites of proposed locations for dams 
in Gatun Lake. These holes were continued until 10 feet of sound rock 
was penetrated. In some holes it was necessary to drill 200 feet or more 
through ‘muck to establish the sound-rock contact. Undisturbed samples of 
all soft layers were obtained in brass tubes. In addition, in a few holes 
drilled on damsites in Gatun Lake, jar samples for water-content determin- 
-ation were taken every 3 feet in the muck. 


12. PRESSURE TESTING OF DRILL HOLES FOR APPURTENANT STRUCTURES: In 
order to obtain information concerning the water-bearing characteristics 
of the joints and fissures in the foundation site of the proposed Gamboa 
Dam, flow and pressure tests were conducted in five drill holes, These 
revealed no serious open-jointing. 


The flow test involves measuring the volume of water flowing 
through the rock while the water pressure is held constant for five 
minutes. In the pressure test, the ability of the rock to hold various 
pressures is determined by observing the pressure drop versus time. 

A water meter, water—pressure gages, a poppet valve, and a rubber packer 
are used in conjunction with the regular water pump used for drilling 
operations. The packer consists of a rubber sleeve approximately 2 
inches in diameter and 8 inches long, mounted on two small pipes arranged 
in such a manner that the smaller can move inside the larger. By means 
of these pipes, the rubber sleeve can be compressed vertically. The 
resulting lateral expansion of the rubber sleeve will then seal the drill 
hole. The smaller pipe also serves as a water supply line to the section 
of the hole being tested. 


13. DRILLING OF FOUNDATIONS FOR TIDAL-REGULATING ST ES: Explora=- 
tions made for the Third Locks Project at Miraflores, including a large 
amount of drilling, indicated that the foundation for the tidal-regulating 
structures at the Miraflores site would be entirely adequate; therefore no 
additional drilling was performed at this site during the current studies, 
Six holes, however, were drilled in an alternate location for tidal-regulat- 
ing structures in Balboa Harbor. On two of these holes, continuous brass- 
tube samples in overburden were taken. On three holes in this area, pressure 
tests were made on the agglomerate and La Boca rock formations by the same 
procedure followed for the Gamboa dam holes. 


14. CHORRERA ROUTE DRILLING: Twenty-three holes were drilled on the 


Chorrera-Gatun Route (Plate 3). Approximately 75 samples of overburden 
and 440 samples of rock were taken. Many of the rock samples representing 
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new formations were tested in the laboratory. This route was dropped 
from further consideration because of the excessive quantities of 
excavation required; therefore, the materials p@culiar to this loca- 
tion are not discussed in this appendix. 
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PART III 
LABORATORY TESTING 
SECTION 1 


CONVENTIONAL LABORATORY TESTING 


L5e SRE The Soil and Rock Testing Laboratory 
is on the ground floor of the Soil Mechanics-Hydraulics Building, adjacent 
to the Miraflores Locks area. The laboratory, which occupies the entire 
ground floor (2800 square feet) of the two-story frame structure, is 
essentially identical to the laboratory established for the Third Locks 
Project, as described in "The Soil and Rock Testing Laboratory," The 
Panama Canal, Special Engineering Division, November 1942. The equip- 
ment and apparatus of the present laboratory, with few exceptions, were 
those used in the Third Locks Project. A flodr plan sketch showing the 
location of the major pieces of apparatus is shown in Figure 2. General 
views of the laboratory and the humid room are shown in Figures 3 to 6, 
inclusive. 


16. APPARATUS AND TESTING METHODS: The equipment and testing methods 
for determining the physical properties of soils and rocks are standard 
and, therefore, will not be described herein. Complete laboratory pro- 
cedures may be found in the Third Locks report mentioned above. However, 
detailed description of the apparatus and methods used for the special 
residual shear-strength tests are included in Part VII of this appendix. 


17. LABORATORY TEST ATR Laboratory testing ‘uring the present 
studies consisted mainly of classification tests and strength determina- 
tions on, materials from formations not previously encountered. The 
detailed test results may be found in the files of the Special Engineer- 
ing Division, The Panama Canal. The limited testing of muck samples 
served only to supplement the data from the Third Locks investigations 
and to establish the identity of properties of the muck from Gatun Lake 
with the Atlantic muck found in thé Gatun Third Locks excavation. The 
results of special tests to determine the residual shear strength of 
Atlantic mck and Cucaracha clay shale are summarized in Part VII of 
this appendix. 
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SOIL AND ROCK TESTING LABORATORY. RIEHLE TESTING MACHINE 
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STUDIES - 1947 
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SECTION 2 


SPECIAL LABORATORY TEST ING 


18. SHEAR STRENGTH CONCEPTS: The studies of effects of dynamic 
loads on the stability of slopes have led to the concept of shear 
strength under three different conditions defined by the terms: static, 
transient, and residual. Static shear strength is the ultimate shear 
strength commonly known and used in engineering. Transient shear strength 
is that shear strength which the material can mobilize while subjected to 
very rapid or dynamic loading. Residual shear strength is that shear 
strength remaining in the material after deformations in the zone of stress 
have well exceeded the deformations producing maximum static strength of 
the material. Residual strength exists in material of banks that have 
failed and after large movements have taken place. 


19. DETERMINATION OF SHEAR STRENGTHS: Recognizing the importance of 
these several values of shear strength in the study of slopes subjected 
to dynamic loadings, investigations were undertaken to determine the 
values of transient and residual shear strengths for two of the most 
critical materials in the Isthmus, namely, Cucaracha clay shale and 
Atlantic mck. The transient shear strength determinations and studies 
were undertaken by Harvard University under contract with The Panama 
Canal. The residual shear strength studies were accomplished by the 
Special Engineering Division, The Panama Canal. 


20. RESIDUAL SHEAR STRENGTH TESTS: Triaxial compression tests 
and laboratory direct-shear tests were conducted on Cucaracha. Use 
was made of the results of field direct-shear tests performed on 
Cucaracha clay shale during the Third Locks Project. In these tests, 
the load application was continued beyond the ultimate strength in an 
attempt to measure the residual shear strength. 


A series of compression tests, unconfined, quick triaxial and 
quick-consolidated triaxial, were conducted on Atlantic muck. The 
results of these investigations are recorded in Part VII of this 
appendix. The average values of the shear strength ratio obtained 
from tests are not proposed as exact values because it is impossible 
to reproduce field conditions of displacement and time in the labora- 
tory. The range of values, however, is roughly indicative of the 
possible magnitude of residual shear strength. 


21. TRANSIENT SHEAR STRENGTH TESTS: The investigations conducted 
by Harvard University under the tcrms of the contract with The Panama 
Canal consist of: 


a. A comprehensive study of instruments available for measur- 
ing and recording rapidly changing stress and deformations. 


-We 
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be The design and construction of apparatus for testing soil and 
rock specimens in transient compression. 


c. The performance of transient compression tests on soils and 
rocks, 


The work performed up to May 1, 1947, is described in Part VII of this 
appendix. 


The preliminary transient shear strength tests at Harvard Univer 
sity on selected material used for calibration tests of new equipment 
indicated an increase in shear strength from the slowest to the fastest 
loading rate of 10 to 100 percent. The tests were not on Canal Zone 
materials, and being purely preliminary cannot be used in the current 
investigations. The results of the investigations on transient shear 
strengths indicate that the employment of the static shear strength in 
the analysis of resistance of slopes to dynamic loadings is conservative 
since the transient shear strength that would be mobilized would probably 
be higher than the static strength assumed. 





= 1 = 
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PART IV 


DESIGN OF EXCAVATION SLOPES 


22. SCOPE OF STUDIES: This part of the appendix describes the design 
of slope standards for materials that would form the banks of a new sea- 
level canal. The primary considerations in the design were stability and 
safety of slopes to insure that slides would not occur to delay construc- 
tion progress or to cause obstruction to traffic in the completed canal. 


Extensive slope studies made during the Third Locks design period 
have been extended, and modified whenever necessary, on the basis of added 
exploration, testing, and analyses made during the present studies. It is 
expected that much additional information would be obtained from geologic 
exploration and laboratory testing during a final design period, which 
would be reflected in design refinements to meet variations in materials 
and structural conditions not now known in sufficient detail. It is not 
expected, however, that this new knowledge would result in an increase in 
the estimate of excavation quantities. 


During the present studies considerable attention has been given 
to the dynamic loadings that could originate from earthquakes and atomic- 
bomb explosions. A detailed discussion of earthquakes as they might affect 
slopes and studies of the stability of slopes under the action of dynamic 
forces are reported in Appendix 6. These studies indicate that the effects 
of atomic-bomb explosions and of earthquakes are not sufficiently serious 
to require modification of the slopes developed for static forces. ( 


SEER mgt rarest 


23. PRE-TERTIARY COMPLEX AND GATUNCILLO FORMATION: As previously noted 
in Part I, it has not been possible to set slope standards for the Gatun- 
cillo or pre-Tertiary complex formations. However, these formations are of 
little importance since they will be intersected only in the Chagres diver- 
sion channel excavation. 


ts A ET aL 


24. SLOPES FOR GATUN, BOHIO, AND CAIMITO FORMATIONS: Satisfactory 
methods of engineering analysis of excavation slopes in medium and hard 
rocks have not been developed and, therefore, the slope standard presented 
in Figure 7 has been established empirically. For these rock formations 
the slopes are 3¥ on 2 to a berm 45 feet wide at elevation 15 and then 
12% on 1" with 25-foot berms at 50-foot intervals above elevation 15. 
Where less than 50 feet of rock would be left above elevation 15, the 
berm would be 25 feet wide rather than 45 feet wide. The principal fac- 
tors influencing this design were safety from falling rocks during and 
after construction. The 45-foot berm at elevation 15 should be suffi- 
ciently wide to prevent most rock falls from reaching the channel, while 
the higher 25-foot berms should provide reasonable safety for construction. 


' 
t 
; 
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The resulting over-all slope is considered stable without question, 
because even the weakest of these rocks would stand vertically in high cuts. 
Application of formulas developed by Terzaghi* determine the critical height 
of a vertical cut in any material having cohesive strength. For Gatun sand- 
stone, which can be considered to approach a homogeneous mass, the formula 
is H, = Lcfy - Using the minimum values of cohesion for Gatun sandstone, 

c = 243 pounds per square inch, and the unit weight,jy , of 122 pounds per 
cubic foot, the resulting critical height, H,, is 1145 feet. For the Bohio 
and Caimito formations which are not as uniform structurally as the Gatun 
formation, the modified formla for a jointed mass is applied, H, = 2c/y ‘ 
resulting in heights of 550 and 705 feet, respectively, using the minimum 
values of cohesion. Results of strength tests for these formations are 
shown in Table 2. 


TABLE 2 
PROPERTIES OF THE GATUN, BOHIO, AND CAIMITO FORMATIONS 


Natural Unconfined Compressive Strength, 


Number Unit Weight, ib. per sq. in. 
Formation of Tests 1b. per cu.ft. Maximum Minimum Average 


Gatun 23 122 735 485 643 
Bohio 14 143 1880 552 1103 
Caimito 13 136 3286 667 1410 


25. ES FOR BAS. MIGUEL A AND BAS 0) : The 
design of slopes for these formations is also empirical and te that 
of Gatun, Bohio, and Caimito formations. The only difference is that for 
these harder rocks the spacing between berms above elevation 15 was increased 
to 100 feet, Figure 7. This increased spacing is justified by the extremely 
high compressive strengths of these rocks as compared with the Gatun sand- 
stone. The weakest of these rocks, Bas Obispo agglomerate, appears from 
visual inspection to have strength on the average higher than that of the 
Caimito. Strength tests were not considered necessary for these rocks. 


26. SLOPES FOR CULEBRA, LA BOCA, LAS CASCADAS: ‘igure 8 shows the 
slope curve which has been used for the determination of excavation slopes 
in the Culebra, La Boca, and Las Cascadas formations. This same curve was 


used for Culebra during the Third Locks studies but has been extended here 
to apply to cuts up to 350 feet deep. Limited Culebra test data from the 


* "Theoretical soil Mechanics." K. Terzaghi, John Wiley & Sons, New York, 
1943. 
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Third Lecks studies has been used to determine the factor of safety against 

sliding in cuts designed by this curve. It was found that the slope was } 
more than adequate, even for the severe assumption of rapid drawdown. In ; | 
view of the high factors of safety obtained, this curve may be overly con-+- 

servative; however, there were not sufficient explorations and testing of 

these materials to warrant a departure from this design curve. 


The La Boca formation was formerly called the Upper Culebra forma- 
tion, and its engineering properties, as disclosed from limited tests, are 
similar to those of the Culebra formation. 


Strength tests on the Las Cascadas materials indicate a much higher 
average strength than the Culebra, but because of its extremely complex 
structure, it is felt that this average value should not be considered when 
attempting to evaluate the over-all strength of this formation. The strength 
of the weaker phase of this formation, as indicated by the Lower strength 
tests, is within the range of that of the Culebra. Test results are tabu- 
lated below. 


TABLE 3 
PROPERTIES OF CULEBRA, LA BOCA, AND LAS CASCADAS FORMATIONS 
Natural Unconfined Compressive Strength, 
Number Unit Weight, ib. per sq. in. 
Formation of Tests ib. per cu.ft. Maximum Minimum Average 
Culebra 32 137 4020 68 667 
La Boca 14 137 1269 75 540 
Las Cascadas 43 135 4313 348 1247 i 
27. SLOPES FOR CUCARACHA FORMATION: 


oe 


a. Shear Strength of the Cucaracha: The historic Gaillard Cut 
slides that developed during and continued for some time after the excava- / : 
tion of the Canal occurred in this formation. Approximately 14-1/2 percent 
of the total volume of excavation for the Panama Sea-Level Canal would be 
in Cucaracha, Because of its proven instability in cut banks, a very de- 
“tailed study of its strength properties was made for the design phase of the 
Third Locks Project and during the current studies. During the Third Locks 
studies the work on Cucaracha included laboratory and field tests of the un- 
disturbed clay shales, analyses of the slides of the existing Canal, and the 
analysis of an excavated slope in Cucaracha that has never been disturbed by 
slide action. 
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Considerable difficulty has been encountered in obtaining suitable 
laboratory samples from core-drilling operations in the weaker horizons 
of this formation. In the laboratory, correlation between tests was diffi- 
cult because the character of the material is so variable that it is rarely 
possible to find two identical samples for comparative testing. Many of 
the samples that were recovered broke apart on slickensided surfaces while 
being prepared for testing. Consequently, the laboratory test averages 
could not include the worst materials, and the strength results were prob- 
ably high. 


Because the results of standard laboratory tests on such a variable 
material were unreliable, it was decided to resort to other methods to ob- 
tain the strength characteristics of the Cucaracha for use in the design 
standards. Observations revealed that the clay-shale test specimens gen- 
erally failed along slickensided surfaces. This condition was simulated 
by a laboratory sliding test, devised during the Third Locks studies, to 
measure the angle of sliding friction. In this test, two pieces of the 
clay shale were polished to simulate slickensides, brought into contact 
under water, and the friction between the polished surfaces determined. 
The values resulting from three series of such tests on three different 
samples ranged from 10 to 13.5 degrees. The sliding friction tests, al- 
though of a crude nature, checked reasonably well the value of 13.5 de- 
grees obtained for the angle of internal friction from laboratory compres- 
sion tests. 


The weakening effect of slickensides on the strength of the clay 
shale and the variable character of the material makes the test values of 
cohesion of doubtful applicability. The cohesive strength was therefore 
obtained from the analysis of a stable bank, formed »y a cut. about 200 
feet deep in the Cucaracha formation on the west side of the Canal just 
south of Zion Hill. This bank, predominantly clay shale, is typical of 
the Cucaracha formation. A factor of safety of 1.9 and a friction angle 
of 10 degrees, as found from the laboratory sliding tests, were assumed, 
and computations were made to determine the cohesion needed along the 
critical sliding arc to obtain stability. In this way, a value of 241” 
pounds per square foot was obtained for the average effective cohesion of 
the formation. This is believed to provide a reasonably sound basis for 
analysis of other cuts in similar material, since the effects of slicken- 
sides, joints, fracture, and gouge areas are automatically included. 


The cohesion value thus obtained was checked very closely by an 
analysis of the first known shear slide in Cucaracha, October 1907. At 
the time of this slide, Gaillard Cut was about 100 feet desp and was being 
excavated presumably to a slope of 3% on 2h, Assuming a sudden drawdown 
condition for this slide and an angle of friction of 10 degrees; a cohe- 
sion of about 2109 pounds per square foot is obtained for a factor of 


safety of unity. This is a good confirmation of the 2300 pounds per 
square foot value. 
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Slow triaxial tests of sound clay-shale samples showed a cohesion 
of about 12,000 pounds per square foot. This value was so much greater 
than the values obtained in analyses that it was apparent that the strength 
of the sound clay shale did not govern the over-all strength for determin- 
ing the stability of slopes. The tests and analyses made in studying the 
Cucaracha formation during the Third Locks Project are reported in "Exca- 
vation Slopes for the Cucaracha Formation," Special Mgineering Division, 
The Panama Canal, November 1942. fy eye 

b. Development of Slope Design Curve for Cucaracha: The first ra- 
tional attempt to establish excavation slope standards for use in designing 
slopes free from slides in Cucaracha was proposed by Dr. D. F. MacDonald in 
"Preliminary Report on Estimates of Safe Slopes for Pacific Side Canal Rxca- 
vations," Special Engineering Division, The Panama Canal, June 26, 1939. 

The slope curve presented by Dr. MacDonald was limited to cuts 350 feet deep. 
In order that this curve could be used for preliminary quantity estimating 
during the present studies, it was extended graphically to apply to depths 
of cut to 700 feet. (See Figure 9.) Dr. MacDonald based his recommended 
slope curve on his wide experience with the Cucaracha formation and on his 
own qualitative studies of existing slopes and slides in this material. He 
did not employ the methods of modern soil mechanics for making quantitative 
analyses. 


Studies employing scientific methods resulted in the theoretical 
slope curves shown as the upper and middle curves in Figure 9. The compu- 
tations which determined these curves were based on the following assump- 
tions: 


(1) The ground-water table is assumed to be near the surface 

of the finished slope resulting in outward hydrostatic forces being applied 
to the slope. This is defined as the state of steady seepage. As an expe- 

{ dient in the computation of stresses in the stability analyses, the theory 

E of rapid drawdown has been used, which as applied in this instance is equiv- 

5 alent to assuming that an external body of water, in contact with the full 

q height of the slope, is rapidly lowered to the toe of the slope; a condition 
somewhat more severe than the more realistic assumption of steady seepage. if 
A detailed explanation of the effect of rapid drawdown on slope design is 
presented in Part VII of this appendix. 


(2) ire Hei of Cut in Sound Rock: This assumption ignores 
the effect of 20 to 40 feet of weathered material usually found at the top of 
the cut. As the height of cut increases, the effect of this weathered mate- 
rial is reduced. 


(3) angle of Internal Friction, = 10°: As previously noted, 
this was the minimum value found by laboratory sliding friction tests con- 
ducted on Cucaracha clay shale polished to simlate slickensides. 


site. 








764 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


(4) Cohesion, c = 2 lb. per sq. ft.: This was the mini- 
mum value for cohesion determined from analysis of a standing bank of a 


cut as described previously, in which the angle of internal friction was 
assumed to be 10 degrees. 


ce. Proposed Slope Curve: The value of cohesion used in these 
studies was obtained by assuming that the value of 9, the angle of fric- 
tion, was equal to the minimum value found by teste. A higher value of 
— would have resulted in a lower cohesion. These revised values would 
have flattened the theoretical slopes for the lower cuts and steepened 
them in the higher cuts. Since the value of % was chosen arbitrarily, 
it was deemed advisable to flatten the theoretical slope curves for the 
lower cuts as indiceted in Figure 9. 


Until the May 1947 meeting of the Board of Consulting Ingineers, 
Cucaracha slopes had been designed according to the middle curve of Fig- 
ure 9, which is based on a factor of safety of 1.1. Prior to the May 
meeting, studies were made to determine the cost of excavation involved 
in flattening the Cucaracha slopes to increase the factor of safety from 
1.1 to 1.3. This study showed that the additional cost was not prohibi- 
tive. The results were discussed in the May 1947 meeting with the Con- 
sultants, and it was agreed that the factor of safety of 1.3 should be 
adopted. Accordingly, the uppermost curve of Figure 9, based on this 
larger factor of safety, has been used for the design of all slopes in 

* Cucaracha. 


28. CHANNEL SLOPES: For the best navigation characteristics of a 
canal it is desirable that the submerged portion of the channel cross 
section remain as nearly uniform as possible, since relatively small 
changes in cross section can alter appreciably the suction effect that 
always exists between the ship and the banks. Slopes designed without 
re to navigation would vary from 12% on 1" for hard rocks to 1” on 
9.4" for the deepest cuts in Cucaracha. In order to conform with the 
navigation requirements as closely as possible, the slopes were modified 
as described subsequently. 


a. Hard Rocks: The slope from the bottom of the channel to a 
berm at elevation 15 would be 3¥ on 


—— 


b. Cucaracha, Culebra, La Boca, and Las Cascadas Formations: 
In these rocks the piopes from bottom of channel to a berm at elevation 
15 would be 1° on 1”. All slopes above elevation 15 would be determined 


— 


“Sir accordance with the appropriate slope curve for the total height of 


cut. Figures 10 and 11 illustrate the design of slopes in these mate- 
rials. 
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29. SLOPES FOR ATLANTI PACIFIC MUCK: This is the weakest mate- 
rial that would be encountered in excavations for a sea-level canal. It % 
is, however, less dangerous than the Cucaracha because the deepest cuts d 
would be only about 100 feet. Laboratory tests made on Atlantic muck dur- 
ing the present studies, have been sufficient to substantiate the results 
of two years of testing done by the Special Engineering Division during 
the Third Locks studies. Accordingly, the strength curve shown in Figure 
ia, a8 developed from quick shear tests, in the Third Locks program and 
recommended in the Special Ingineering Division report of October 1942, 
entitled “New Gatun Locks, Black Muck Slope Design," was adopted for this 
material. Since the greater part, if not all, of the excavation in Atlan- 
tic mck for a sea-level canal will be wet rather than dry, principal con- 
sideration has been given to the design of excavation slopes that will 
remain submerged. The Pacific muck is similar to the Atlantic muck. 
Relatively little of it would be encountered and, therefore, no special 
study of its characteristics has been made. The slope design standards 


developed for the Atlantic muck are believed to be adequate for the Paci- 
fic mick. 


Figure 12 shows that the shear strength curve for the muck isa  / ars 
straight line inclined at an angle of 17 degrees for normal pressures to - | 
about 23 pounds per square inch, above which point the strength line is 
curved. Since 23 pounds per square inch is higher than any overburden 
pressure that will be effective in the sea-level canal excavation, the 
straight line portion is the only part of the shear strength curve used 
in the stability computations., The shearing strength, s, before excavation 
is therefore a function of overburden pressure, N, or 


ry qua’ s = N tan 17° (1) 


When a large excavation is made in a plastic material, the effec- 
tive load at any point below the surface of the slope ie reduced. This 
makes it necessary to determine the strength characteristics of muck which 
has been consolidated to a given load (the original overburden pressure) 
and then has had the load reduced to some lower value. Tests were there- 
fore made on muck samples consolidated to the original overburden pressure 
and on samples consolidated to pressures less than the original overburden 
pressure. By comparing the strengths from these tests, the reduction of 
strength after excavation can be found. The results of a series of such 
tests are shown in Figures 12 and 13. The tests indicate that the expan- 
sion strength curve is a straight line inclined at 4 degrees intersecting 
the virgin curve at the original overburden pressure. Since the black muck 
has no tensile strength, the expansion strength curve must show zero shear 
strength at zero normal load. At low loads, therefore, the muck expansion 
strength curve is assumed to follow the Mohr's circle drawn from zero to 
be tangent with the 4-degree line, after which it follows the straight line 
to the virgin curve. It was found that the point of tangency of the expan- 
sion strength line with the Mohr's circle was at a 76-percent reduction of 
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of the overburden pressure. When the reduction in pressure is less than 
76 percent, the expansion strength is expressed by the equation, 


s = N tan 17° -AN tan 4° (2) 


where A N is the reduction in overburden pressure. When the reduction is 
greater than 76 percent, the expansion strength is found by the equation, 


s* = -0.492N2 + (1.49208)N -AN2 (3) 


The derivation of equations (2) and (3) may be found in the report "New 
Gatun Locks, Black Muck Slope Design." 


a. Wet Slopes: When the stability of partially submerged slopes 
in muck for the approach channel to the Gatun Third Locks was investigated 
during the Third Locks studies, it was found that the total depth of cut 
was not the deciding factor in determining the stability of a slope. Om 
the other hand, it was found that an increase of only a few feet in the 
height of the cut above the canal water surface materially reduced the 
factor of safety of a slope. This condition would exist in Gatun Lake 
when, after rapid drawdown, all of the material above water level would 
exert a driving force equal to its saturated weight; whereas the material 
below water level would exert a driving force equal to only its submerged 
weight. Since for muck the saturated weight is about 90 pounds per cubic 
foot and the submerged weight is about 28 pounds per cubic foot, it is 
apparent that the effect of the mterial above water level on the stability 
of the slope is of major importance in the slope determination. A more com- 
plete explanation of the theory of rapid drawdown is given Part VII of 
this appendix. For estimating purposes, slopes of 1% on 2.5", from the 
bottom of a sea-level canal to elevation zero, and 1% en 10° for that part 
of the excavation above elevation zero, as shown in Figure 14, were developed 
from analytical studies. This compound slope would be safe against rapid 
drawdown and at the same time would meet requirements specified for naviga- 
tion channels. Critical circles of sliding for three possible conditions 
of failure of this compound slope, as shown in Figure 15, were determined, 
resulting in factors of safety as follows: (1) 1.61 against failure of 
that part of the slope (1:10) above elevation zero for ground elevation 
35; (2) 2.02 against failure of that part of the slope (1:2.5) below zero; 
and (3) 1.33 against failure of the entire slope. 


b. Dr opes: Since no dry excavation of muck is contemplated, 
slope curves for this condition are not reproduced herein. Such curves 
were developed during the Third Locks studies and were recommended in the 
report, "New Gatun Locks, Black Muck’ Slope Design." 


30. SLOPES FOR CHAGRES GRANULAR ALLUVIUM: A uniform slope of 1” on 
3.5" has been adopted for excavation slopes in the Chagres alluvium. This 
slope is considered amply safe for the condition of rapid drawdown or 
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sustained seepage. While this deposit consists largely of granular mate- 
rials, some silts and clays are also encountered, which would impair 
locally the free-draining characteristics of the alluvium. This material 
would be encountered along the sea-level canal route in relatively minor 
quantities. The alluvial deposits intergrade locally with the Atlantic 
muck, and when this condition is encountered, the muck slopes would be 
used. 


eB Atala Aus Slopes of 1” on 1.5" 
for cuts to 75 feet in dept and 1% on 2" for deeper cuts have been 
adopted for weathered rock and overburden. The depth of cut in over- 
burden will generally not exceed 100 feet. Should cuts deeper than 100 
feet in overburden be necessary, slopes flatter than 1 on 2 might be re- 
quired. Considerable local experience with cuts in overburden and weath- 
ered rock indicates that these slopes will be safe. The consequences of 
any possible local failure would not, in any case, be serious as far as 
effecting closure of the canal. 


32. SPECIAL BERMS: Where top of sound rock is above the canal water 
surface and underlies weathered rock or overburden requiring flatter slopes, 
a 25-foot berm has been designed along the top of rock. When the slope re- 
quired in sound rock is equal to or flatter than the slope required in the 
overburden material, no berm would be designed at top of sound rock, and 
the same slope used in the rock would be used through the overburden. 

Where top of rock is below the canal water surface, no berm would be pro- 
vided. 


33. SLOP ER RACHA: Figure 16 
illustrates an eirioat method for the eae ~~; slopes in which basalt 


or agglomerate overlies the Cucaracha formation on a sloping contact. The 
height determining the slope in Cucaracha is the vertical distance from 
the bottom of the canal to the point of intersection of the Cucaracha 
slope and the geologic contact plane. In order to reduce the stresses 
which might be developed in the Cucaracha formation by the additional 
height of basalt or agglomerate and for which the Cucaracha slope was not 
designed, a horizontal berm is cut into the overlying basalt or agglomerate. 
This berm is of such width that the intersection of the cut face in this 
rock with the berm will be djrectly above a point on the geologic contact 
plane between the Cucaracha and the overlying hard rock which is at the 
same elevation as the bottom of the canal. For the design of slopes for 
quantity estimates this method was used when the dip of the contact be- 
tween the two materials was equal to or greater than 35 degrees with the 
horizontal. When the dip between the two materials was flatter than 35 
degrees, the Cucaracha slope was applied to the entire height of the cut. 


It ee that the use of this design method has resulted in 
a conservative determination of excavation quantities. During the design 
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period preceding actual excavation, special studies would have to be made 
of such cases where encountered before the slopes were set. It was the 
opinion of the Board of Consulting Engineers that this design method should 
not be generally applied and that detailed study should be given to each 
case to result in a more rational design. 


34. APPLICATION OF PE VES: In the actual sections to be exca- 
vated for a sea-level canal, complications would be caused by the presence 
of more than one type of material in the slope and by geologic conditions 
such as faults, folds, and contacts preventing the straightforward use of 
slope curves end empirical designs. In areas of extremely complex geology 
such as the Continental Divide section, for a distance of four miles north 
of Pedro Miguel Locks, the standards could only be applied by making cer- 
tain assumptions regarding the geology as interpolated between available 
borings. 
































Illustrations of the application of the standards to the design 
, of slopes for actual cross sections of a sea-level canal are given in 
"| Figures)18,/19, and 20. The four-mile section of a sea-level canal through 
the Coritinentel Divide north of Pedro Miguel has been selected for illustra- 
tion, since the deepest cuts (about 660 feet macimum) and approximately 30 
percent of the total excavation quantity is concentrated in this area. ~~ 
Figure 17 shows the center line, prism lines, berms, and top-of-slope lines 
for a sea-level canal, together with their relation to the present Panama 
Canal. The cross sections indicated on this figure are shown on Figures 

18 and 19. 











Because of geologic conditions, abrupt changes in slope from sec- 
tion to section would frequently be necessary if slopes were designed with- 
out regard to adjacent sections. In these locations there would exist the 
danger of over-steepening the transition slopes between sections. This 
danger was considered and gradual slope changes were established in the 
stronger materials as required to eliminate the canger of local failures. 









In the development of the standards illustrated herein, minimum 
strength values for the various geologic formations encountered have been 
used in each case. Before actual construction of a sea-level canal, more 
detailed geologic data would be available, and the slopes would be modi- 
fied (a) to take advantage of stronger phases of some formations and (b) 
by geologic structure not accounted for in the design standards. More 
detailed exploration is not expected to result in an increase in excava- 
tion quantities. 
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PART V 
SLIDE STUDIES--EAST AND WEST CULEBRA SLIDES 





35. SCOPE OF SLIDE STUDIES: A detailed historical study of the East 
and West Culebra Slides in Gaillard Cut and analytical studies of cross 
sections through the slide areas were undertaken to obtain a realistic 
appraisal of the static strength of the Cucaracha formation. It was recog- 
nized also that the study of the Gaillard Cut Slides might provide data 
on the disturbed or residual shear strength of the Cucaracha formation: 
The sections chosen for study were at locations where the most detailed 
information in the existing records was available on geology, topography, 
and the progress of the slides. Distinguishing features of the old slides, 
such as upheaval of the Canal bottom at locations west of the center line, 
were noted in the construction reports. Analyses were made of the old 
slopes as they stood before failure to determine the expected location 
of the upheaval, and these were compared with the recorded facts. Table 4 
contains various data on Gaillard Cut Slides. This table was origina 
presented in "Memoirs, National Academy of Sciences," Volume XVIII, 1924. 


Slides were classified by Dr. MacDonald into four distinct types: 
deep deformation, structural, mudflows, and combination. Deformational 
slides have been the most common and troublesome in the Panama Canal. 
They occur when a cut is opened to such a depth that stresses imposed 
by the weight of the bank (largely a function of the slope) exceed the 
shear strength of the material of the bank. Structural slides are caused 
by local geologic conditions such as weak stratification partings dipping 
toward the toe of the slope, or by the presence of faults and related 
features. Mudflows occur generally where a mass of water-lubricated 
material rests on a surface sloping toward the cut. Combination slides 
are the result of two or more of the conditions producing the other types 
of slides. Of these four types, only deformational slides can be studied 
by analytical methods. 


36. SOURCES OF INFORMATION ON SLIDES: The Culebra slide studies are 
based upon the records and reports including the following: 


a. Annual Reports of the Isthmian Canal Commission (1907-14) 
b. Annual Reports of the Governor of The Panama Canal (1915-44) 
c. Weekly and monthly reports of the Canal Record (1907-33) 


d. Panama Canal Slides by Donald F. MacDonald, Special 
Engineering Division, The Panama Canal, 1942. 
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e. Report of the Committee of the National Academy of Sciences 


on Panama Canal Slides, Memoirs, National Academy of Sciences, Vol. XVIII, 
1924. 


f. Original Canal cross sections with monthly excavation records 
thereon, Dredging Division, The Panama Canal, Gamboa, C. Z. 


g- Topographic maps of Gaillard Cut for January 1912, July and 
Uctober 1915, Section of Office Engineer, The Panama Canal, Balboa, C. Z. 


h. Core borings mde for the Third Locks Project and for the 
Isthmian Canal Studies--1947. 


The report of the National Academy of Sciences is the most accu- 
rate and complete summary reference. It has been used as the main cae a 
of information for the chronologic history presented herein. Topographic 
maps of the slide areas in intermediate stages of progress are not always 
available, necessitating interpolation between existing maps. However, 

in the results presented here, use has been made of the best data avail- 
able. Figures 20 to 25 are photographs of the slide areas taken during |: 3 
construction of the Canal. Lh 


37. SLIDE HISTORY: Table 5 is a chronological summary of the progress 
of the East and West Culebra Slides. The area in the northern part of the 
Culebra district was relatively free from important slides until 1907. 
With the progress of excavation, several small slides developed and became 
more extensive until they were finally unified into the two mijor slides 
in 1915. 


38. ANALYSIS OF SLIDE CROSS SECTIONS: Canal cross sections at old 
Canal Stations 1782+50, 1785+00, and 1787+50, showing monthly excavation’ 
quantities during the construction period, were obtained from the Dredging 
Yivision, and the geology as determined from drill holes and surface recon- 
naissance in the area was plotted on them. These cross sections, together 
with topographic maps of the period, made it possible to determine the 
ground surface at intervals preceding each slide. The locations of the 
sections are shown in plan in Figure 26. The available records indicate 
that the area under Study was free of major slides prior to January 1912. 


Static stability enelnave of the conventional Swedish circle type 
were made of the east and west Culebra slopes as they existed in January 
1912, June 1912, July 1915, and March 1947. The first three dates imme- 
diately preceded separate major slide movements. 


39. ASSUMPTIONS FOR STABILITY ANALYSES: The slope failures were con- 


sidered to be confined to the Cucaracha formation, and failures occurring 
in material bordering the Cucaracha was considered, for the most part, as 


=. 9.< 
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A later project undertook to reduce the height of the banks along the West Culebra Slide by hydralicking 


There were three minor Canal closures in the period 1916 to 1931, the last of which cecurred in 1931 when the 


ch continued into the Canal prias. This flow, for the most part, was easily handled by dredges and gradually tapered off until there was only « 


In December 1916, the East and West Culebra Slides were the only active ones in Gaillard Cut. 
slight annual movement of the slopes. 
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secondary surface failures and not originally involved in the major 
slides. There having been no prior major slope failure, the shear 
strength available in January 1912 is assumed to be the undisturbed 
shear strength of the material. The shear strength of the material at 
each of the other dates is at some value less than that of the undis- 
turbed state, while that of the present slope can be called the residual 
ear strength of the material. |} The topography of the west bank of the 
Canal has been slightly altered some locations by the Dredging Divi- 
sion, subsequent to 1915 but for the studies presented herein, the exist- 
ing topography is assumed to be the natural slope reached by the sliding 
mass, There are no data aval lable on the elevation of the ground-water 
table at the time, but a condition of rapid drawdown from the top of 
slope to bottom of cut was assumed for the analysis of the 1912 slide. 
Water was first admitted into the Cut in October 1913, and all studies 
of slides occurring after that date were assumed to have the ground-water 
table at the level of the water in the Cut. 


ean 7 the 7 dinate in shear renal —— slides is a prerequisite 
for estimating the encroachment of a slide into the canal prism. In the 
slide studies presented herein, the shear strength has been computed for 
the most critical circle at each section at various stages of sliding. 
The shear strength obtained in each example is an average strength 

the entire length of the critical failure arc. The movements of the 
slides at two intermediate stages after January 1912 were analyzed to 
give some indication of the rate of decrease in shear strength of the 
material. In Figures 27, 28, and 29, cross sections at Stations 1782450, 
1785e00, and 1787e50, respectively, are shown with results of the analy- 
ses. Figures 23, 24, and 25 are actual photographs of this immediate 
area and provide a comparison with the plotted cross sections. Figure 30 
shows the three sections with the surface as it was prior to American ex- 
cavation and the positions of the slope on each section for the four 
dates under study. In Figure 30 the East Culebra Slide of May 1912 ap- 
pears to be a surface movement, while the other slides studied indicate 
the deep-deformation type. 


In the reports of Colonel Goethals and in the summary history of 
slides, Table 5, frequent mention is made regarding upheaval of the Canal 
bottom just west of the center line. This upheaval would be expected if 
the slope moved along the critical failure arc show in Figures 27, 28, 
and 29. This type of failure can be seen in Figures 23, 24, and 25, 
which are reproductions of actual photographs taken during the construc- 
tion period. 


Table 6 is a summary of results of the Culebra Slide studies. 
In the West Culebra Slides the shear strength decreased in June 1912 to 
an average of 80.4 percent of the undisturbed (January 1912) strength. 
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There was no decrease in the East Culebra strength for the same period. 

During the period from June 1912 to July 1915, the shear strength dropped 

to an average of 78.6 percent on the east bank and 65.6 percent on the 

west bank. During the period from July 1915 to the present time, the 

shear strength dropped to 20.3 percent on the east bank and 23.7 percent 

on the west bank. The final average residual shear strength of the mate- 

rial for both the East and West Culebra Slides was found to be 22 percent 

of the undisturbed (January 1912) shear strength, the range for the cases Ka 
studied being 15.6 to 28.3 percent. [o 


41. RESULTS OF STABILITY ANALYSES: For comparison with the Cucaracha 
slope curve developed in Part IV, the apparent factors of safety of the 
various sections were computed using the same values of cohesion (2300 
pounds per square foot) and angle of internal friction (10 degrees). From 
the results of these studies, Figures 27 to 29, it appears that the Cuca- 
racha slope curve shown in Figure 9 is conservative for the design of 
statically safe slopes. Figure 31 is a cross section at Station 1785+00 
showing the present slope after slide movement has virtually ceased, the 
original slope limits attempted in construction of the present Canal, and 
also the slopes that would be employed for the excavation of a sea-level 
canal in conformity with the tentative slope standards adopted for the 
formations encountered at this location. For the three January 1912 sec- 
tions of the East Culebra Slide studied, the average apparent factor of 
safety was found to be 0.79, ranging from 0.76 to 0.83. For the three 
West Culebra Slides on the same date, the average apparent factor of safety 
was found to be 0.98, ranging from:'0.90 to 1.05. If the actual factor of 
safety in these cases approximated 1.0 (as it must have, because the major 
slides had not started), the strength characteristics of Cucaracha (9% = 
10° and c = 2300 pounds per square foot) used in the analysis can be con- 
sidered as closely representing the strength of the West Culebra Slides 
and as being about 20 percent less than the strength of the material of 
the Kast Culebra Slide. Present design standards would require slopes 
for the east banks about four to five times flatter than those actually 
cut prior to January 1913. An increase in the apparent factor of safety 
as the failure progresses, as given in Table 6, is to be expected because 
the factor of safety in the analyses of the slides is computed on the 
basis of the undisturbed shear strength, while the overturning forces 
diminished as the slide progressed. 


42. SUMMARY OF SLIDE STUWIES: From the slide studies made, it appears 
that the residual shear strength of the Cucaracha material at the present 
time is about 22 percent of the undisturbed shear strength. Evidence is 
gained from the studies that the shear strength values for Cucaracha used 
in the development of the recommended Cucaracha slope curves are conserva- 
tive. The Swedish circular arc method of analysis has proved valid for 
the determination of slope failure conditions in the cases studied. The 
slopes excavated during construction of the Panama Canal were not flat 
enough to be stable and produced slides which, once started, apparently 
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continuéd on approximately the same failure surface until the slide was 
finally stabilised. During this movement ‘the shear strength of the mate- 
rial decreased progressively. This decrease in the shear strength when 
the material had been disturbed resulted in the final slopes in the slide 
areas being considerably flatter than those that exist at other locations 
where weakening of the material by slide movement has been avoided by exca- 
vating initially to stable slopes. 


ISTHMIAN CANAL STUDIES — 1947 


ee maseaae 





VINSLIND NSISAG 3dO01S 
IN3S3ud GNV TWNISINO 


799 


FIGURE 3! 


00+S8I NOILVLS IWNVD 010 


l2 


ood 00s 006 ooo! ool! 002! oo¢! oor! oos! 


—_—_——_— 
— 
— 


fee NOD VWHYEITNI-VHIVYVINI a — 


VHIVYVINI VY¥aFITINI 


APPENDIX 


SIGITS HFILIV SIAOTS TWNVID LNISTIYd 


41334-NOILVA313 


IASOTS NIISIAO TVN/I9/HO 


~ . 
— oe eee oe —— 


( NOILVAVIXT FHOITG FJIVIYNS INNOYI — 


4 
< 
Z 
< 
o 
: 
< 
ry 
‘2 
E 
me 
& 
: 
o 
5 
rs 
a 
2 
© 
q 
a 
o 
Zz 
3 
4 


4v61—-SJIGNLS IVNVD NVIWHISI TWNYD VWAWNVd 3HL 








APPENDIX 9 
CONVERSION PROCEDURES 
FOR THE 
SEA-LEVEL CANAL 
PLAN IV 
BEING APPENDIX 9 OF THE 
REPORT OF THE 
GOVERNOR OF THE PANAMA CANAL 


ON 
ISTHMIAN CANAL STUDIES 


BOARD OF CONSULTANTS 
ISTHMIAN CANAL STUDIES 
1960 








PART VII. FINAL CONVERSION TO SEA LEVEL. ...... 
Section 1. Introduction .. 6 ts esececee 
Shae OF FOSe ATE as 0 SOS ihe COST MO 
Section 2. Conversion to a Sea-Level Canal with 
Tidal-Regulating Structures by Deep Dredging . 
General Plan’ s 6 0 0 0s be 6 ote C6 8 Oo 
Gatun Conversion Plug .....ess-eee8-s 
Pedro Miguel Conversion Plug. ....+.+s-s. 
Miraflores Temporary Dam’. .....+ ses 
Operation of Flood-Control Reservoirs During 
Lake Lowering o . . . * . . . . . . . . . . . . . 
Storage in Gatun and Miraflores Lake... ...+se+-s 
Discharge Facilities for Lowering Lakes .....+.5-: 
Time Required to Lower Gatun and Miraflores Lakes ee 
Removal of Pedro Miguel Plug and Miraflores Steel Dam 
Removal of Gaten PRG 6 8Gs els iat ober elehe wes 
Alternate Plans Studied for Lowering Gatun Lake . . 
Section 3. Conversion to Sea-Level Canal Without 
Tidal-Regulating Structures by Deep-Dredging . 
General Plan. wc ecsceevcececeseee 
Miraflores Conversion Plug. ....+e++s+s 
Pedro Miguel Conversion Plug ......464s 
Section 4, Conversion to a Sea-Level Canal with 
Tidal-Regulating Structures by Stage Dredging 
Generel “PEaw 2. 0°06 6 4s 8 6.8 
Flood Control During Conversion 


Lockage Water Supply ..... +> 
Hydroelectric Power ...... 
Summary of Conversion by Stage Dredging 
Section 5. Conversion to Sea-Level Canal Without 
Tidal-Regulating Structures by Stage Dredging . 
Sallfary of Plan@*s fo’. s ses 6s 6 wa 


Lowering Gatun Lake ....... ‘ 





804 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


PART VII 
FINAL CONVERSION TO SEA LEVEL 
SECTION 1 
INTRODUCTION 


155. SCOPE OF PART VII: This part of Appendix 9 describes the hydraulic 
and construction problems that would attend the lowering of Gatun and Mira- 
flores Lakes and the final clearing of the completed sea-level channel for 
the acceptance of traffic. The two principal construction methods of con- 
verting the present Canal to sea-level, by deep dredging or by stage dredg- 
ing, with the omission or inclusion of tidal-regulating structures considered 
under both methods, introduce four distinct conversion conditions. Practical 
means for lowering Gatun and Miraflores Lakes and converting the existing 
Canal to a sea-level canal were developed for all of these conditions. 


SECTION 2 


CONVERSION TO A SEA-LEVEL CANAL WITH 
TIDAL-REGULATING STRUCTURES BY DEEP DREDGING 


156. GENERAL PLAN: Under this plan, the present operating levels of 
Gatun Lake (elevation 85) and Miraflores Lake (elevation 54) would be 
maintained during the excavation of the channel. The level of Gatun Lake 
would be dropped to elevation 81 a short time prior to final lowering to 
permit advance emptying of lake storage in the West Diversion area. After 
a 10-day period of operation at elevation 81, the canal would be closed 
to traffic for a period of seven days during which the levels of lake areas 
adjoining the canal would be lowered to sea level and the sea-level canal 
channel cleared initially of all barriers to a width of 300 feet. The 
barriers to be used to retain Gatun and Miraflores Lakes during the final 
stages of excavation would consist of the following: (a) a natural rock 
barrier left in the sea-level channel cut at the present location of the 
south plug between Gatun Lake and Gatun Third Locks excavation; (b) a 
natural rock barrier in the sea-level channel cut between Gatun and 
Miraflores Lakes, near the existing Pedro Miguel Locks; and (c) a temporary 
steel dam in the approach cut to the Miraflores tidal lock. The natural 
rock plugs at Gatun and Pedro Miguel would be removed by blasting and 
dredging concurrently with the lowering of Gatun Lake. The temporary 
steel dam in the canal entrance to the Miraflores tidal lock would be 
removed in sections by two 90-ton derricks. The removal of a rock 
barrier at Miraflores that would block the sea-level channel leading to 
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the navigable pass has not bemincluded as part of the work to be done 
during rapid conversion. This barrier would be removed after the sea- 
level canal was in use, as traffic would pass initially through the new 
Miraflores tidal lock. 


157. GATUN CONVERSION PLUG: The Gatun conversion plug would be 
located on the north shore of Gatun Lake, as shown in Figure 91, and 
would include part of the existing plug of the Third Locks excavation. 
The material from which this plug would be carved is of the lowest bed 
of Gatun sandstone, which is a fine-grained, medium-hard, silty, calcar- 
eous sandstone, characterized by an abundance of poorly-preserved fossils. 
Bedding is massive, and the infrequent near-vertical joint planes are 
tight. Exploration performed for the Third Locks Project shows that the 
character of the underlying beds is similar with respect to imperviousness 
and competency. 


A perspective view and a typical section of the Gatun plug are 
shown in Figure 92. The lake approach to this plug would be excavated 
by deep-dredging methods, but the immediate face would be carefully 
formed by line drilling and light blasting. The approach from the Atlantic 
side would be’ excavated by dry methods. Four discharge outlets, 16 feet 
in diameter, would be tunneled in the westerly section of the plug and 
would lie outside of the sasterly 300-foot portion which would be blasted 
and removed to effect the initial channel opening. These tunnels would be 
completely below sea level and would extend from the downstream side of 
the plug to within about 20 feet of the face. The tunnel outlets would 
be opened by blasting at the time of the lake lowering, using drill holes 
from the top of the plug for loading and firing. The entire mass of the 
rock plug would be prepared for blasting by drilling vertical holes on 


5-foot centers down to elevation -50. A stability analysis of the plug 
(Figure 92) has been prepared to serve as a general guide in judging the 
safety of the plug for withstanding the maximum conditions of loading. 

It is to be noted that the uplift assumed is probably more severe than 
would be realized. The analysis indicates that the plug would be safe 
from sliding or overturning, and the bearing pressures would be moderate. 


158. PEDRO MIGUEL CONVERSION PLUG: The Pedro Miguel conversion plug 
as shown in Figure 93 would be located on the easterly side of Paraiso 
Hill not far from the upper approach to the existing Pedro Miguel Locks 
(Figure 94). It would be placed as close to Miraflores Lake as sound 
rock permits, to reduce the amount of channel excavation required to be 
transported through the Miraflores Locks for disposal at sea. The agglom- 
erate of which this plug is composed, a heavier and stronger rock than 
Gatun sandstone, is a relatively impervious rock, massively jointed. Any 
leakage through material of this type would occur along joints or fracture 
planes, and the condition of the rock would become evident during the 
progress of excavation. Grouting and sealing of the upstream side would 
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be undertaken if found necessary. This plug would be the same shape and 
size as the one at Gatun (Figure 92). The channel on both sides of this 
plug Would be excavated in the dry. As described for Gatun, this plug 
would be prepared for blasting by drilling vertical holes, on a 5= by 
5-foot pattern down to elevation -50. 


159. nee ce MPAA dal: The temporary steel dam to be used in 
the north approach to the new Miraflores tidal lock is illustrated in 
Figure 95. This dam, which would be capable of holding Miraflores Lake 
at its present elevation, would be constructed in the completed lock 
approach between the caisson seat and the service gates prior to the 
removal of the construction cofferdam. Short sections of earth embank- 
ments with temporary concrete retaining abutments on the lock walls 
would be required on both sides, 


The dam would be constructed in a manner permitting rapid dis- 
connection and removal of individual sections by two 90-ton stiffleg 
derricks, one mounted on each lock wall. 


160. OPERATION OF FLOOD-CONTROL RESERVOIRS DURING LAKE LOWERING: Lowaring 
of the Trinidad and Cafio Quebrado reservoirs of the West Diversion system 
would be initiated immediately after lowering Gatun Lake to elevation 81.0, 
The water level of these reservoirs would be lowered to elevation 71.5 by 
discharging through tunnels left in the plug in the approach channel of ths 
Trinidad spillway before starting the final rapid drawdown of the central 
area of Gatun Lake below elevation 81. The time required to lower Trinidad 
Lake to elevation 71.5 is estimated to be about 10 days. The advance lower- 
ing of the Cafio wuebrado and Trinidad reservoirs would be undertaken to 
provide ample temporary flood-control storage capacity in the reservoirs 
until the new Trinidad spillway is placed in full operation. Placing the 
Trinidad spillway in full use would require lowering of the Trinidad and 
Cafio Quebrado reservoirs to elevation 55 and removal of portions of the 
spillway approach channel left in place to serve as a cofferdam. The total 
time required for lowering the Trinidad and Cafio Quebrado reservoirs and 
opening the full spillway channel, which can be carried out without affect- 
ing lake lowering or operation of the sea-level canal, is estimated to be 
about 60 day. 


161. STORsaGE IN GaTUN aND MIRAFLORES LAKES: The volume of Gatun Lake 
required to be emptied during final rapid drawdown would be only 15 percent 
of its present volume at elevation 85. This large reduction would be 
effected through operation of Gamboa, Monte Lirio, Cafio Quebrado, and 
Trinidad flood-control projects, the deposit of excavation spoil in the 
lake area, and the advance drawdown of the lake to elevation 81. The 
volume of Gatun Lake requiring discharge during rapid lowering has been 
determined as shown in Table 27. 
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TABLE 27 
RESIDUAL STORsGS IN GaTUN LAKE 


Crest Elev. Volume below 
of Barrier Dam ¥. 81, acre-fect 
Total volume of Gatun Lake 
at elevation 81 3,784,000 
Deductions: 
Gamboa reservoir 174.0 30,000 
Trinidad and Cafio Quebrado 
reservoirs 82.0 2,115,000 
Monte Lirio reservoir 92.0 400,000 
Dams and spoil deposits in 
Gatun Lake $24,000 
Total ~22169,000 
Net volume to be released 615,000 


The capacity of Miraflores Lake at elevation 54 is 19,000 acre-feet, all 
of which must be discharged during the lake lowering, making the total 
volume to be discharged from Gatun and Miraflores Lakes 634,000 acre-feet. 


162. DISCHARGE FACILITISS FOR LOWERING LAKES: The discharge facili- 
ties utilized for tun and Miraflores Lakes are shown in 


Table 28. 


o Mh - 
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TABLE 28 
DISCHARGES FaCILITIES FOR LOWERING LaKES 


Effective to Elevation 
Atlantic Side: 


Gatun Spillway 69.0 
Gatun lock chambers 37.3 


Gatun lock culverts 242 


Gatun conversion plug tunnels sea level 


Pacific Side: 
Pedro Miguel lock chambers 37.3 


Pedro Miguel lock culverts 37.3 (41.3 for 
center-wall culvert) 


Miraflores Spillway _ 3B67. 
Miraflores lock culverts 11.3 


The Miraflores discharge facilities are in tandem with those at Pedro 
Miguel. All Gatun Lake discharges to the Pacific would pass through 
the Pedro Miguel Locks before discharge through the Miraflores facilities. 


163. TIME RED TO LOWER GATUN AND MIRAFLORES LAKES: When rapid 
lowering is started, all spilling facilities listed in Table 28 would be 
used. With Gatun Lake at elevation 81.0, the initial rate of discharge 
to the Atlantic would be 350,000 cubic fect per second. #ith Miraflores 
Lake maintained at elevation 54, the initial rate of discharge to the 
Pacific would be limited to 100,000 cubic feet per second, which is the 
combined discharge capacity of the Miraflores Spillway and the lock cul- 
verts. This schedule of lowering would bring Gatun Lake to elevation 54 
in 16 hours, when the Pedro Miguel plug would be blasted. To provide 
Slack water for subsequent dredging of the Pedro Miguel plug debris and 
to eliminate any differential head on the debris pile formed by blasting 
the Pedro Miguel plug, discharges to the Pacific through the Miraflores 
facilities would be limited to an amount required to lower Miraflores Lake 
in unison with Gatun Lake. Lowering both lakes from elevation 54.0 to 
elevation 15.0 would require about two days and three hours. Upon, reach- 
ing elévation 15.0, the 300-foot section of the Gatun plug without tunnels 
would be blasted and dredging of spoil begun. The lake would then be 
lowered from elevation 150'to sea level; in less than two days, by dis- 
charge through the tunnels in Gatun plug. 
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164. REMOVAL OF PEDRO RES STEEL DAM: The entire 
600-foot length of the ne et plug would be blown with a single blast. 
Split-second delay caps would be used to prolong the blast and obtain the 
maximum effect from the explosive used. These delays would be so arranged 
as to peel successive vertical slices from both exposed faces simultaneously. 
Some of the holes on the downstream side of the plug would require under- 
water loading or a preliminary, temporary drawdown of Miraflores Lake for 
dry loading. Figure 93 illustrates the probable shape of the spoil result- 
ing from the blasting. The solid rock is assumed as expanding 35 percent 
upon blasting. Based on the disposition shown, 73,000 cubic yards, amount- 
ing to 25 percent of the spoil, would fall below elevation .-40. The remain- 
ing volume of 220,000 cubic yards would require removal by dredging, but 
not only 125,000 cubic yards would need to be removed to open an initial 
channel 300 feet wide by 40 feet deep. Two ladder dredges would be employed 
in the removal of the Pedro Miguel plug, each having a capacity of 14,000 
cubic yards per day. The removal of this plug would be initiated when the 
elevations of both Gatun and Miraflores Lakes are at elevation 54, but when 
the two lakes have been drawn down to elevation 32, further disposal of 
spoil in adjacent lake areas would have to be discontinued as there would 
no longer be sufficient draft over these areas to float bottom dump scons; 
however, excavation of Pedro Miguel plug would be continued for about one- 
half day longer, the material being stored on dump scows which would be 
tied up along the sides of the sea-level canal. As a safety measure, to 
prevent Gatun Lake from breaking through the shattered Pedro Miguel plug, 
Miraflores Lake would be kept at the same level as Gatun lake until both 
lakes are drawn down to about elevation 12 (the elevation at the top of 
the tidal lock gates). The steel dam in Miraflores Lock would then be 
removed and the lock put in operation. The time consumed in removing the 
steel dam and placing the tidal lock in operation would be about one day. 
Excavation of the Pedro Miguel plug would then be resumed, the spoil scons 
being locked through the tidal lock and spoil dumped in the Pacific Ocean. . 
The total elapsed time from the initiation of drawdown at elevation 81 to 
the opening of a 300-foot channel would be 7 days. A 600-foot channel 
would be opened in 10-3/4, days. . 


The exact condition of lake drawdown and excavation of all plugs 
at any given time during the nearly 11 days of drawdown and removal of 
plugs may be determined from Figure 96, which gives charts showing ; 
"Schedule of Operations and Ship Traffic Interruption" and “Lake Lowering 
Hydrograph. " . 


165. REMOVAL 0 : The 300-foot eastern portion of the 
Gatun plug would be blast tially after lowering Gatun Lake to eleva- 
tion 15, leaving the side section containing the four discharge tunnels 
intact. Split-second delay caps would be used to peel off successive 
layers from both faces of the plug simultaneous]y, the same as at Pedro 
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Miguel. as soon as the suction dredges had cleared the initial 300-foot 
Opening, the remaining side section would be blasted. From Third Locks 
experience, the expansion of the Gatun sandstone upon blasting is about 
25. percent. About 20 percent of the spoil is expected to fall below eleva- 
tion -40.0, leaving 140,000 cubic yards of material to be dredged to open 
@ channel 300 feet wide. a total of 234,000 cubic yards would be dredged 
to establish a 600-foot channel. The Gatun spoil would be removed by two 
suction dredges having a combined output of 80,000 cubic yards per day. 
At this rate, both a 300-foot channel and a 600-foot channel would be 
opened in less time than like channels would be opened at Pedro Miguel 
(paragraph 164). 


166. ALTERNATE PLANS STUDIED FOR LOWERING GATUN LAKE: Various other 
plans for lowering Gatun e@ and clearing the canal have been studied. 
Among the more practical were: temporary rolled-earth dams, a reinforced 
concrete plug which could be floated after lake lowering and towed to sea 
for disposal, flat-faced steel dams, sectional-steel arch dams, sectional- . 
concrete rock dams, rock-fill dams, and a monolithic concrete arch. Of 
all these alternate dams studied, the steel] dam shown in Figure 97 is the 
most practical. To remove this dam, water would be blown out of the tubu- 
lar struts and the sectional face of the dam; the struts would be removed; 
and all parts floated out of the way. Its use would save about two days’ 
initial interruption to traffic, but a later short closure would be re- 
quired while the initial 250-foot channel width was increased to 600 feet. 
The cost would be at least $5,000,000 more than for the plan selected. 

The other plans were either unduly hazardous, took more time to open the 
channel, or were more costly without a compensating saving in time. 


SECTION 3 


CONVERSION TO SEa-LEVEL CANAL 
WITHOUT TIDAL-REGULATING STRUCTURES BY DEEP-UREDGING 


167. GENSRAL PLAN: This plan would conform to the plan described in 
the preceding section except that the final barrier retaining Miraflores 
Lake would be a rock plug across the channel of the sea-level canal, at 
the south edge Of Miraflores Lake. The plug would be similar in construc- 
tion to the conversion plugs at Gatun and Pedro Miguel. The removal of 
all three plugs would follow the general procedure described in Section 2 
of Part VII. 
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168. MIRAFLORES CONVERSION PLUG: The Miraflores plug would be in © 
basalt, located near the upper end of the Third Locks cut at Miraflores. 
The plug would be about 100 feet wide at elevation -40 with a top width 
of 40 feet at elevation 58. Between the channel bottom (assumed at ele- 
vation -70) and elevation -40, the upstream and downstream faces would 
both slope at 1 vertical on 1 horizontal; above -40 the section would be 
approximately the same as the upper portion of the Pedro Miguel plug. 
The blasting and subsequent removal of this plug would be substantially 
the same as for the Pedro Miguel plug. 


dredging at Fea ent ea be SP ccaanens at about 2-1/4 days after 
the initiation of lake lowering from elevation 61. The Miraflores plug 
could be blasted when the lakes were at about elevation 20, that is, 
about six hours later. The removal of this plug would be started imme- 
diately after blasting. Dredging operations could not be resumed at the 
Pacific side of the Pedro Miguel plug until three days later, by which 
time a 300-foot channel would be cleared through the Miraflores plug, 
permitting the passage of dump scows to the Pacific Ocean. An additional 
three days would then be required to complete the opening of a 300-foot 
channel th Pedro Miguel, the last barrier, The total time elapsed 
would be 8-1/2 days. However, a 300-foot channel through the Gatun plug 
would be available for dump scows from the Atlantic side of the Pedro 
Miguel plug some 18 hours earlier than through the Miraflores plug, so 
that the total elapsed time from the initiation of drawdown at elevation 
81 to the clearance of a 300-foot channel through the last barrier plug 
could be reduced to eight days, one day longer than required if the tidal 
structures were a part of the project. The opening of a 600-foot channel 
would require a total of about 11-3/4 days. 


SECTION 4 


CONVERSION TO A SEA-LEVEL CANAL WITH 
TIDAL-REGULATING STRUCTURES BY STAGE DREDGING 


170, GENERAL PLAN: In the studies of construction by stage lowering, 
three steps in the drawdown of Gatun Lake were planned. First, the chan- 
nel between Pedro Miguel and Gatun Locks would be excavated to a depth of 
72 feet below the existing water surface and a new channel would be exca- 
vated, by-passing the Pedro Miguel Locks. Gatun Lake would then be dropped 
from elevation 85 to elevation 53. The channel between Gatun and Mira- 
flores Locks would then be excavated to a depth of 83 feet below the water 
surface, after which the summit lake would be lowered from elevation 53 to 
elevation 22, Finally, after the channel bottom had been excavated to 60 
feet below low tide, the canal water surface would be dropped to sea level. 
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During the first stage of dredging, new twin conversion locks at 
Gatun and a single conversion lock at Miraflores would be constructed, 
These locks would be placed in operation following the first lowering of 
Gatun Lake and the existing locks at Gatun would be abandoned. Traffic 
would by-pass the existing Pedro Miguel Locks in the new channel west of 
the locks. The existing Miraflores Locks would be modified, one at a 
‘time, while the canal is operated at elevation 53, for later use with the 
canal at elevation 22, 


Numerous plans were studied for modifying the existing locks at 
Gatun to adapt them for use as conversion locks to pass traffic at inter- 
mediate operating levels of the summit lake. It was apparent, however 
that unless one or more new temporary locks were constructed there would 
be extended periods when traffic would be dependent on a single lane of 
locks, the other lane of locks being out of service while its upper sills 
and lock walls were being modified to permit transit at the next lower 
stage, ; . 


If only one new lock were provided at Gatun, it would be neces- 
sary to construct that lock to operate at any stage from elevation 85 to 
sea level to avoid placing dependence on a single lock lane for canal op- 
eration at any time. If two new locks were provided, they would be con- 
structed to operate up to a lake level of elevation 53, the level corre- 
sponding to the second stage of construction. This latter plan was 
accepted for study since it would avoid difficult underpinning and remod- 
eling of the present locks. The new locks would be built in the Third 
Locks cut and would be single-lift locks with chambers 154 feet wide by 
1200 feet long. The present locks would be abandoned at the time of 
lowering the lake to elevation 53. 


At the Miraflores location, a tidal lock similar in size and 
location to the tidal lock described in the deep-dredging plan would be 
constructed; however, the walls of this lock would be extended above 
elevation 22 by temporary construction to elevation 53. Temporary miter 
gates would be installed so that this lock could function as a single- 
lift conversion lock from elevation 22 to elevation 53. The present 
locks would be modified, one at a time, so that they would function 
below elevation 22, 


171. FLOOD CONTROL DURING CONVERSION: Flood control during conver- 
sion would be required (a) in the form of adequate spillways to discharge 
flows from Gatun Lake at any operating level, (b) to safeguard the con- 
struction of Gamboa dam, and (c) to control flows from tributaries dis- 
charging into the canal at elevations 53 and lower, The flood-control 
analysis has employed two floods, a project design flood adapted from the 
greatest flood of record (for durations less than three days) which occur- 
red at Alhajuela on the Chagres River in December 1909, and the spillway 
design flood which is derived from the maximum possible storm. The former 
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was used to size the spilling facilities so that normal navigation and 
construction functions could proceed without interruption. The spillway 
design flood formed the criteria for the safe design of the structures, 


and continuance of normal navigation functions would not be required under 
this criteria, 


The Monte Lirio, Mandinga, Cocoli, and Miraflores reservoirs of © 
the sea-level canal flood-control system would be placed in operation just 
prior to the lowering of Gatun Lake from elevation 85 to 53. Immediately 
after lowering Gatun Lake to elevation 53, the Trinidad and Cafio Quebrado 
reservoirs would be placed in operation, and power production at “adden 
Dam would be curtailed to 60 percent of the present dependable capacity 
to provide 382,000 acre-feet of flood-control storage in Madden Lake, the 
amount corresponding to the storage maintained in the flood-control plan 
for the sea-level canal. During the first two years of operation at ele- 
vation 53 the Gamboa dam would be constructed and, upon completion, would 
be placed in operation, The results of flood routings at the various lake 
operating levels are shown in Table 29. .° 


172. LOWERING GATUN LAKE: Gatun Lake would be initially drawn dow 
to elevation 81 a few weeks prior to its rapid drawiown to elevation 53, 
to enable the reservoirs on the Trinidad and Cafio Quebrado arms of the 
lake to be drawn down sufficiently to provide freeboard in these reser- 
voirs in case of occurrence of a flood during the rapid drawdown period, 
The rapid drawdown of Gatun Lake from elevation 81 to elevation 53 would 
require approximately 20 hours, using all existing spillways, lock cham 
bers, and culverts, The removal of the rock plugs, which would be similar 
to those in the deep-dredging plan, from the Pedro Miguel by-pass channel 
and from the approach channel to the conversion locks at Gatun would be 
initiated immediately upon completion of lake lowering to elevation 53. 
A 300-foot channel 40 feet deep would be opened at Pedro Miguel by two 
ladder dredges in 14 hours and at Gatun by one suction dredge in 12 hours. 
Traffic would be resumed through the Gatun conversion locks, the Pedro 
Miguel by-pass channel, and the existing Miraflores Locks; the total inter- 
ruption would be less than 1-1/2 days. The lowering of the lake to any 
desired working level between elevations 53 and 22 would be accomplished 
by discharge through culverts of the locks at times when it would not 
interfere with traffic. 


173. LOCKAGE WATER SUPPLY: A deficiency in the natural water supply 
for lockages would result from the large loss in usable storage capacity 
in Gatun Lake after its lowering from elevation 85 to elevation 53. A 
pumping plant having a maximum capacity of 4100 cubic feet per second 
would be installed in the middle chamber of the east lane of existing 
Gatun Locks (then abandoned) to deliver sea water into Gatun Lake through 
the center wall culvert. A period of about three months would be re- 
quired for installation of the pumping plant, during which period lockage 
water supply would be obtained from storage in Madden Lake and Trinidad 
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item 
Drainage area, square miles 12a5‘2) 1aes{2) 6342) 6342) 84 8h 
Peak inflow, 1000 c.f.s. 450 1500 130 600 40 300! 5) 


Maximum outflow, 1000 c.f.e. 
To Atlantic: 
Existing Gatun Spillway 206 


Existing Gatun Locks - 21,2) -_ _ - 
Existing Getun Culverts _- u{?) _ -_- _ 
Gatun conversion locks _ _ 36 -_ 230 
Gatun conversion culverts _ ; — _- ah) 326) 
Total to Atlantic 206 38 3b 27 262 
To Pacific: E 
Existing Mirsflores Spillway -- - Th 64 _ -- 
Existing Miraflores Locks -~ 3 - e2‘) - ~ 
Existing Miraflores Culverte - 3 -~ 16/3) om 12 
Miraflores conversion lock _ = -- - - 
Miraflores conversion culverts - , a 4 a3) 2% 
Total to Pacific - 3 Th 203 13 38 
Total 206 ; 112 549 40 300 
Gatun Lake maximum elevations: ° 
At Gatun 89.0 R 54.6 57.8 22.0 22.0 
At Gamboa 89.0 54.6 57.8 22.0 22.0 
At Miraflores 54.0 : 54,.1 52.5 22.0 22.0 
Geillard Cut: 
Head loss, feet 0.0 0.5 5.3 0.0 0.0 
Velocity, feet/second 0.0 2.0 5.7 0.0 0.0 
Duration of flood above normal 
pool, days 2 5/8 2 0 2 


(1) Includes 393 square miles controlled by Madden Lake. 


(2) Discharge through one lock chamber and two culverts (one lock chamber and one culvert 
utilized in pumping plant installation and operation—paragraph 173). 


(3) Qne lock chamber and two culverts (one lock being modified). 
(4) Two culverts at Gatun, one at Miraflores. 

(5) Includes outflow from Gamboa spillway. 

(6) Two culverts fully open, one partially open. 


- 1239- 


57677 O—60- 53 
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reservoir, The pump capacities required were determined for the critical 
dry period of record, December 1919 to June 1920, during which the net 
yield for the Gatun Lake area amounted to an average daily rate of 1300 
cubic feet per second, The storage available to augment the flows during 
the critical periods would be 78,000 acre-feet in the Trinidad and Monte 
Lirio reservoirs (elevation 55-53), for operation with Gatun Lake at ele- 
vation 53. The available storage capacity for operation with Gatun Lake 
at elevation 22 would be 760,000 acre-feet, divided between the Trinidad 
(elevation 55 to elevation 22) and Monte Lirio (elevation 55 to elevation 
53) reservoirs, Pumping would be required at a diminishing rate for op- 
erating levels below elevation 53 and would no longer be required when 
the canal level reached elevation 22. It should be noted that after Gatun 
Lake is lowered to elevation 53 and pumping starts, the water would grad- 
ually become somewhat saline, making it unfit for domestic use, 


174. . HYDROELECTRIC POWER: The existing power installations at Gatun 
and Madden Lakes would be operated as at present during the first stage 
of excavation for the sea-level canal (lake elevation 85), The Gatun 
plant would be discontinued due to insufficient water supply when the lake 
was lowered to elevation 53, and the Madden plant would be operated at 60 
percent of its present dependable capacity to allow for greater flood 
storage in Madden Lake for protection of construction operations for the 
Gamboa dam and to provide flood protection for subsequent channel excava- 
tion in Gatun Lake after the completion of Gamboa dam, New hydroelectric 
facilities at Monte Lirio and Trinidad reservoirs would not be placed in 
operation for generation of prime power until final conversion to the sea- 
level canal, because stored water would be required for lockage water supply. 


175. SUMMARY OF CONVERSION BY STAGE DREDGING: Table 30 summarizes the 
requirements for flood control, lake lowering, lockage water supply, and 
hydroelectric power plant operation during conversion, 
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SECTION 5 


CONVERSION TO SEA-LEVEL CANAL WITHOUT 
TIDAL-REGULATING STRUCTURES BY STAGE DREDGING 


176. SUMMARY OF PLAN: If all tidal structures were omitted, the 
combination conversion and tidal lock at Miraflores described in the 
preceding section would be replaced by a lock constructed for conver- 
sion use only. This single-lift, single-chamber lock would operate at 
any lake level from elevation 55 to sea level. It would be similar in 
chamber size and general construction to the conversion locks at Gatun 
and would be built in the Third Locks cut below the present plug. After 
lowering to sea level, traffic would be passed through the lock with all 
gates open during periods of slack tidal currents until the adjoining 
300-foot wide rock plug in the sea-level channel could be removed. Traf- 
fic would then use this partly-opened sea-level channel while the lock 
was removed, thus opening up the sea-level channel to full width. In 
this plan, only one lock at Miraflores would need to be remodeled to op- 
erate at elevation 22. In other respects, the plan would be the same as 
described in the preceding section for stage dredging with tidal-regu- 
lating structures, 
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FRANCIS S. FRIEL 


Francis S, Friel was born at Queenstown, Md., on February 24, 
1894. In 1916 he graduated in civil engineering from Drexel Institute 
of Technology, from which institute he also holds an honorary doc- 
torate in engineering. In World War I he served for 2}4 years as an 
officer in the 304th Engineers of the 79th Division in France; and after 
the war as a major, Corps of Engineers Reserve. 

After service with the city of Philadelphia and the Department of 
Health of Pennsylvania, he joined the firm of Albright & Friel, Inc., 
in 1922, specializing in hydraulic problems. Mr. Friel became presi- 
dent of the firm in 1931. His firm has had responsible association 
with over 2,000 engineering projects, involving a construction cost 
exceeding $1 billion, including, amongst a ae Ordnance Training 
Center, Aberdeen Provin Tamed Md.; airports at New Castle, 


Del., Reading, Pa., and Pomona, N.J.; a port of embarkation at 
Hog Island, Pa.; and 19 other projects for the Army and Navy. 

Mr. Friel was president of the American Institute of Consulting 
Engineers in 1956, and of the American Society of Civil Engineers in 


1958-59. From 1955 to 1958 he was chairman of the U.S. Committee 
on Large Dams, and is now vice president of the International Com- 
mittee on Large Dams. In 1946 he was president of the Water 
Pollution Control Federation, of which he is an honorary member. 

Mr. Friel has served as a U.S. representative at meetings of the 
International Commission on Large Dams, in Stockholm (1948), in 
Paris (1953, 1955), in Lisbon (1956), in Istanbul (1957), and in New 
York (1958). He was a representative also to the World Power 
Congress in Dusseldorf (1953), in Paris (1954), in Vienna (1956), and 
in New Delhi (1957); and was also a representative at the International 
Congress on Hydraulic Research in New Delhi, 1957. In 1948 at 
Rotterdam, an ain at Zurich in 1953, he was a representative at 
the International Congress on Soil Mechanics and Foundations. 

Mr. Friel has also been awarded honorary doctorates by the Uni- 
versity of Scranton and Pennsylvania Military College. He is a 
director of the Beneficial Savings Bank of Philadelphia, and vice 
chairman of the board of trustees of Drexel Institute. 


LESLIE R. GROVES 


Leslie R. Groves was born in Albany, N.Y., on August 17, 1896. 
His boyhood was spent in military surroundings, his father being a 
chaplain in the US. Army. In 1913 he entered the University of 
Washington for a year; and, after 2 years at Massachusetts Institute 
of Technology, he entered the U.S. Military Academy, from which 
he was graduated in 1918. He is a graduate of the Army Engineer 


— the Command and General Staff School, and the Army War 
ollege. 
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From 1918 until 1940 he served as a Corps of Engineers officer in 
this country, Hawaii, Europe, and Nicaragua. From 1929 to 1931 
he served on the staff of Col. Dan J. Sultan on the Nicaragua Canal 
survey, being in charge of the portion from Brito, on the Pacific Ocean, 
to El Castillo, on the San Juan River, including Lake Nicaragua, Lake 
Managua, and the Tipitapa River. He also assisted Colonel Sultan 
in the preparation of the final report on the survey. 

In 1941, after a year in charge of Army construction operations 
throughout the country, he became Deputy Chief of Construction 
for the Corps of Engineers, directing all Army construction operations 
in the United States, including camps, airfields, ordnance plants, 
ports, depots, and the Pentagon Building, involving at its peak nearly 
i million men, and expenditures of about $700 million a month. 

In 1942, General Groves was placed in complete and responsible 
charge of all phases of the Manhattan atomic bomb project, including 
scientific, technical, and process development, construction, produc- 
tion, security, military intelligence of enemy activities, as well as the 
planning for the use of the bomb. During this service he reported 
directly to the Secretary of War, Mr. Stimson, and to the Chief of 
Staff, General Marshall. He remained head of the Manhattan proj- 
ect until January 1, 1947, when atomic energy affairs were turned over 
to the Atomic Energy Commission. 

General Groves then served as Chief of the Armed Forces special 
weapons project, a fully unified command under the Chiefs of Staff 
of the Army and of the Air Force, and the Chief of Naval Operations. 
He retired from active duty as a lieutenant general on February 29, 
1948. 

He has been awarded the Distinguished Service Medal and the 
Legion of Merit by the United States, and several decorations by 
foreign countries. He has also received honorary doctorates from a 
number of American universities and colleges. 

Since retirement in 1948, General Groves has been with Remington 
Rand, a division of Sperry Rand Corp., first directing their scientific 
research and development, and later as a vice president. 


SOLOMON CADY HOLLISTER 


Solomon Cady Hollister was born at Crystal Falls, Mich., in 1891. 
He attended the State College of Washington for 3 years, graduated 
from the University of Wisconsin with the bachelors degree in civil 
engineering in 1916, and subsequently was granted the degree civil 
engineer in 1932. Between 1911 and 1915 he had design and con- 
struction experience in steel and concrete; and in heavy flood protec- 
tion on the lower Columbia River. 

In 1916 he was appointed instructor in mechanics at the University 
of Illinois. The following summer he was engaged in concrete re- 
search at Purdue University. In the autumn he was engaged by the 
Bureau of Standards and later the Emergency Fleet Corporation on 
design of reinforced concrete ships, becoming chief designing engineer. 
After the war he opened a consulting office in Philadelphia. 

In 1930 Mr. Hollister became professor of structural engineering at 
Purdue University. In 1934 he was appointed director of civil 
engineering at Cornell University, and in 1937 dean of the College 
of Engineering at Cornell, serving in that post until 1959. Since then 
he has practiced as a consultant. 
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From 1920 to 1940 he was a member of the Joint Committee on 
Standard Specifications for Concrete and Reinforced Concrete, set 
up by the appropriate engineering societies, and during that time was 
chairman of its committee on design. These specifications have been 
the basis for such construction throughout the country. In 1932 he 
published researches he made on the performance of transit concrete 
mixers, which laid the foundation of standards for that industry. 

From 1929 to 1937 he was in charge of strengthening, by welding, a 
number of highway and railway bridges, the largest Sole a 14-span 
structure at Harrisburg, Pa. From 1932 to 1936 he was consultant on 
design and erection of the 30-foot diameter high-pressure welded pen- 
stocks at Hoover Dam. He is at present consultant on the design and 
fabrication of a 600-foot radio telescope of welded construction, to be 
by far the largest of its kind in the world. He was consultant on the 
construction of the Brookhaven Research Reactor. 

He has served as president of the American Concrete Institute, and 
of the American Society for Engineering Education, and director of the 
American Society of Civil Engineers. He is a member of the Signal 
Corps Research and Development Advisory Council, and has served as 
consultant to the Secretary of Defense and to the Executive Office of 
the President. In 1953-55 he was a member of the Commission on 
Organization of the Executive Branch of the Government (second 
Hoover Commission). 

He has been awarded honorary doctorates in engineering by Stevens 
Institute of Technology, Lehigh University, and Purdue University; 
and in science by the University of Wisconsin. He is a director of 


Raymond International, Inc., and a trustee of Cornell University. 


HARTLEY ROWE 


Hartley Rowe was born at Goodland, Ind., on November 8, 1882. 
He was graduated in 1904 from Purdue University with the degree 
bachelor of science in electrical engineering. In 1947 he was awarded 
the honorary degree of doctor of engineering by that university. 

Upon graduation in 1904 he was engaged by the Isthmian’ Canal 
Commission (later the Panama Gund ommission), Panama, and 
until 1917 served in various positions in design, construction, and 
operation of the Panama Canal facilities. In 1917 he was put in 
charge of the Construction Division of the Panama Canal Com- 
mission. He resigned this position in 1919, having served during all 
of the period of construction of the canal and during the first 5 years 
of its operation. 

From 1919 to 1926 Mr. Rowe was manager of the engineering 
offices of Lockwood, Green & Co., at Detroit and Boston. 

In 1926 he became chief engineer of the United Fruit Co., and 2 
years later was made vice president. In 1951 was elected a director. 
He retired from the company in 1958. 

Mr. Rowe then became a director and assistant to the president 
of Jackson & Moreland, Inc., consulting engineers of Boston, and 
chairman of the board of Jackson & Moreland International, Inc., 
which positions he now holds. 

During World War II, and since, Mr. Rowe served the U.S. 
Government in a number of important capacities: Chief, Division of 
Transportation and Naval Architect, Office of Research and Develop- 
ment; technical adviser to the Supreme Commander, American 





830 LONG-RANGE PROGRAM FOR THE PANAMA CANAL 


Expeditionary Forces, 1944, in England and France; consultant to the 
Manhattan District, Los Alamos, 1944-45; member of the General 
Advisory Committee, Atomic Energy Committee, 1946-50; Chair- 
man, Aeronautical Division, Research and Development Board, 
Joint Chiefs of Staff, 1947-48. He was awarded the Bronze Star 
Medal and the Medal of Merit for his services to the Government. 
Mr. Rowe is a director of Scott & Williams, Laconia, N.H.; Na- 
tional Research Corp., Cambridge, Mass.; and of Jackson & Moreland, 


Inc., Boston. 
JOHN ELLIOTT SLATER 


John Elliot Slater was born in Somerville, Mass., on August 11, 
1891. He was graduated from Somerville Latin School in 1909, and 
4 years later from Harvard University with a bachelor of arts degree, © 
and the Harvard School of Business Administration. 

After a year with the Union Pacific Railroad, he joined the New 
York, New Haven & Hartford Railroad in 1914 as statistician and 
analyst, being assistant to the general manager in 1925, when he left 
to accept appointment as professor of transportation, University of 
Illinois. In World War I he served overseas with the Army Corps of 
Engineers as a first lieutenant and with the Transportation Corps as a 
captain. 

In 1926 he was elected secretary and treasurer of American Brown 
Bovert Electric Corp., Camden, N.J., and in 1927, vice president and 
treasurer, New York Shipbuilding Co., Camden, and was associated 


with both companies until 1929, when he joined Coverdale & Colpitts, 
New York, consulting engineers, of which he is a senior partner. _ 
In 1934 he joined American Export Lines as a director; was executive 


vice president and director from 1935 to 1949, and president and 
director from 1949 to 1956, when he retired under the company’s 
retirement plan. 

From December 1942 to May 1943, he was regional director for 
north and northwest Africa for the U.S. War Shipping Adminis- 
tration and, as such, played a key role in keeping allied troops con- 
tinually supplied in the vital Mediterranean combat area. 

Mr. Slater was an organizer of American Export Airlines, sub- 
sidiary of American Export Lines, and served as executive vice presi- 
dent and director from the company’s incorporation in 1937 until 
1945. When control of this transatlantic airline was sold to American 
Airlines to conform to a Civil Aeronautics Board ruling, and renamed 
American Overseas Airlines, he became chairman of the board. He 
resigned as chairman and as a director in 1949. 

Mr. Slater was one of the group who organized the International 
Air Transport Association in 1945 and was a member of its executive 
committee. 

From July 195i to January 1953 Mr. Slater was chairman of the 
board of New York Shipbuilding Corp. He was a member of the 
board of the New Yori, New Haven & Hartford Railroad from April 
1954 to December 1957. being chairman for almost 2 years. 

Mr. Slater was a men.ver of the board of the American Steamship 
Owners Mutual Protection & Indemnity Association, Inc., for 20 
years, and a member of the finance committee and chairman of the 
board from 1948 to 1956. He is an associate member and an honorary 


vice president of the Society of Naval Architects and Marine 
Engineers. 
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He is a member of Phi Beta Kappa and the American Economics 
Association. At present he is a trustee of the Atlantic Mutual 
Insurance Co. and a director of the Great Atlantic & Pacific Tea Co. 


E. SIDNEY RANDOLPH 


E. Sidney Randolph, of Baton Rouge, La., was a member of the 
Board of Consultants until November 10, 1958, when he withdrew for 
personal reasons. He started with the Panama Canal in 1910, and 
retired in 1946. Among other engineering assignments he was design 
and construction engineer on Madden Dam, and in 1937 was design 
engineer in charge of the early work on the Third Locks project. 


E. SYDNEY RANDOLPH 


E. Sydney Randolph, of Baton Rouge, La., was a member of the 
Board of Consultants until November 10, 1958, when he withdrew for 
personal reasons. He started with the Panama Canal in 1910, and 
retired in 1946. Among other engineering assignments he was design 
and construction engineer on Madden Dam, and in 1937 was design 
engineer in charge of the early work on the Third Locks project. 
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